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BIARYL PHOSPHOLIPASE A2 INHIBITORS 

BACKGROUND OF THE INVENTION ^ 
The invention deals with compounds having activity 
as phospholipase A2 (PL,A2) inhibitors. PLA2 is a calci- 
um-dependent enzyme which cleaves the sn-2 acyl bond 
of phospholipids to yield arachidonic acid and a ly- 
sophospholipid (H. Van den Bosch et al in Biochim. 
Biophys. Acta 1980, 604, 191). Both products of this 
reaction can serve as starting points for llie biosynthesis 
inflammatory mediators. Once released, arachidonic 
acid is rapidly metabolized by enzymes such as cycloox- 15 
ygenase and Upoxgenases to give prostaglandins and 
leukotrienes, well-known mediators of inflammation (P. 
Davi^ and D. E. Maclntyre in "Inflammation: Basic 
Principles and Clinical Correlates/' 2nd Ed., J. I. Gal- 20 
lin, I. M. Goldstein, and R. Snyderman, Eds., Raven 
Press, Ltd,: New York, 1992; Chapter 7; B. K. Lam and 
K. F. Austen in ''Inflammation: Basic Principles and 
Oinical Correlatesi,'* 2ttd Ed., J. 1. Gallin, I. M. Gold- 
stein, and R. Snyderman, Eds., Raven Press, Ltd.: New 
York, 1992; Chapter 8). Lysophospholipids can be uti- 
lized by certain cell types to produce platelet-activating 
factor (PAF), another potent inflammatory mediator 
(G. A. Zimmerman, S. M. Prescott, and T. M. Mcintyre 30 
in "Inflammation: Basic Principles and Clinical Corre- 
lates," 2nd Ed., J. I. Gallin, I. M. Goldstein, and R. 
Snyderman, Eds., Raven Press, Ltd.: New York, 1992; 
Chapter 9). The role of PLAiin inflammatory diseases 35 
has been described (P. Vadas and W. Pruzanski in Labo- 
ratory Investigation, 1986, 55, 391-404; R. Stroetel W. 
Ginsburg and R. McLeod, in Journal of Rheumatology, 

1991, 18, 117-119; W. Pruzanski, K. Scott, G. Smith, I. 
Rajkovic, E. Stefanski, and P. Vadas in Inflammation, ^ 

1992, 16, 451-457; W. Pruzanski, D. W. Wilmore, A. 
Suf&edini, G. D. Martich, A. G. D- Hoffman, J. L. 
Browning, E. Stefanski, B. Stemby, and P. Vadas in 
Inflammation, 1992, 16, 561-570; J. M. Gronroos and T. 45 
3. Nevalainen in Digestion, 1992, 52, 232-236). Since 
PLA2 is the critical enzyme in the pathway leading to 
release of prostaglandins, and leukotrienes and PAF, 
inhibition of this enzyme is a rational approach to pre- 
v^tion, eUmination, or amelioration of inflammation. 

SUMMARY OF THE INVENTION 

Applicants have discovered novel (X}mpounds of 
Formulas I and 11: 



(n) 


(X)COOR' 


wherein: 

Y=COOH, CH2CO2H, H, F, CI, Br, I, COOR', 
CH2CO2R', CONH2, COR", CHO, CH2OH, CH2OR", 
OH, OR", CF3, Ci^alkyl, C1.6 alkenyl, Ci-e haloalkyl, 
NO2, P (O) (OH)2, SO2H, or SO3H; 
Z==H, F, CI, Br, I, CONH2, COR", CHO, CH2OH, 
CH2OR", OH, OR", CF3, Ci.6alkyl, Ci-e alkenyl, Ci-e 
haloalkyl, NO2, P(0)(0H)2. SO2H, or SO3H; 
X=(CH2)n, n=0, 1, or 2; or a cis or trans CH=CH; 
R— substituted or unsubstituted alkyi, aryl, arylalkyl, 
alkyloxy, arylalkyloxy, alkenyl, or aryialkenyl groups 
with the proviso that R must have 8 or more carbons; 
R'=H, Ci^ alkyl, C(Ri)20C(0)R2, CH2CH2NR3R4 
CH2CH2CH2NR3R4, or other groups yielding physio- 
logically hydrolyzable esters; 
R"=Ci.6 alkyl; 

Ri=H. CH3. C2H5, CH2CH2CH3; 

R2=C6-i2aryl, C1.7 linear, branched or cyclic alkyl, or 

C1.7 linear branched or cyclic alkoxy; 

R3=r4, or, it may be linked with R* to form a C3-C6 

cycloalkyl or a — CH2CH2OCH2CH2— group; and 

R^^Ci-s alkyl; or salts thereof. 

These compounds, their geometric isomers and their 
pharmaceutical salts, exhibit PLA2 inhibition with sig- 
nificant anti-inflammatory effects. 

The novel compounds, as well as homers and deriva- 
tives thereof, are useful in combination with pharma- 
ceutical carriers and other excipients in formulations to 
be administered by, preferably, topical or oral routes. 

DESCRIPTION OF THE INVENTION 
The invention is concerned with novel compounds 
and the use of those compounds, their isomers or other 
pharmaceutically acc^ytable derivatives, e.g., salts, 
tiiereof, in processes and compositions to be used to 
treat inflammation. Unless otherwise indicated, all per- 
centages recited herein are weight percents, based upon 
total composition weight. 

Tlie compounds of the invention gen^^y conform 
to either Formulae I or 11: 



0) 


(X)OOOR' 



CD 


CJQCOOR' 
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4 


-continued 



QSyCOOR' 



ooaR' 


15 


wherein: 

Y=COOH, CH2CO2H, H, F, CI, Br, I. COOR', 
CH2CO2R', CONH2, COR", CHO, CH2OH, CH2OR", 
OH. OR", CF3, C1.6 alkyl, Ci^ alkenyl. Ci^ haloalkyl, 
NO2, P<OXOH)2, SO2H. or SO3H; 
Z=H, F, CU Br, I, CONH2, COR", CHO, CH2OH, 
CH2OR", OH, OR", CF3, Ci,6 alkyl, Ci-e alkenyl, Ci-e 
haloalkyl, NO2, P(0) (OH)2, SO2H, or S63H; 
X=(CH2)«, n=0, 1, or 2; or a cis or trans CH==CH; 
R= substituted or uosubstituted alkyl, aryl, arylalkyl, 
alkyloxy, arylalkyloxy, alkenyl, or arylalkenyl groups 
with the proviso that R must have 8 or more carbons; 
R'=H, Ci_6 alkyl, C(Rl)20C(0)R2, CH2CH2NR3R*, 
CH2CH2CH2NR3R'*, or other groups yielding physio- 
logically hydrolyzable esters 
R"=Ci45 alkyl; 

Ri=H. CH3. C2H5, CH2CH2CH3; 
R2s=C6_i2 aryl, C1.7 linear, branch^ or cyclic alkyl, or 
Ci-7 linear branched or cyclic alkoxy; 
R3=R4 or, it may be linked with R^, to form a C3-C6 
cycloaikyl or a — CH2CH2OCH2CH2 — group; and 
R'*=Ci.3 alkyl; or are salts thereof. 

Y is preferably H, COOH, F, CF3, COOR', or 
CONH2. X is preferably 0 to 2 CH2 groups or a 
CH=CH of cis or trans configiuration. Z is preferably 
H. 

In pr^erred embodiments, tiie substituent Y in struc- 
ture I is in the meta position, while in structure n, Z is 
preferred to be in the ortiio or meta position relative to 
the aryl substituent. 

R may be optionally substituted groups of the types 
recited above which contain 7 or more carbons. When 
R is substituted, the substituents may be OH, C1.12 al- 
kyloxy, C1.12 alkaiyloxy, Ci-12 cycloaikyl, C1-12 hy- 
droxyalkyl or adamantyL R may have from one to six 
substituents, with "substituente" meaning groups other 55 
than hydrogen. 3Preferred R groups are set out in Tables 
1-6- 

By "8 or more" carbons, applicants mean 8 to 30, and 
preferably 14 to 30, carbon atoms. ^ 
R' is preferably H- 

By "halo" applicants mean F, CI, Br, or L "Haloal- 
kyl" groups contain at least one halogen substituent. 

Ri, R3 and R* when independent moieties (i.e., not 
linked to others), may be the same or different. 

Compounds of the invention generally conform to 
formula types lA, IB, IC, ID, IE, or U as foUows: 


30 


33 


40 


45 


65 



(IB) 


CO2R' 


ac) 




C02R'(3 or 5 position) 



{X)002R' 


wherein the substituents are as defined above. 


5,391,817 


Compounds of structure typ^ 1 1 and 14 confonn to 
lA, 28 and 30 to IB, 37 to IC, 39 to ED, 44 and 48 to IE, 
52 and 57 to H. 

PREPARATION 5 
The compounds of the invention are typically pre- 
pared using one or more of the steps shown below. 

In these schemes, the following abbreviatioiK are use: 
Bu=butyl, DIAD — diisopropylazodicarboxylate, Et- 
=ethyl, Me^methyl, Ph=phenyl, Tf=tri- 
fluoromethyl. 

Scheme 1: Synthesis of II, Type I A 



MeO' ""N^ CHO 
OH 



5nBu3 


MeO' ^'S^ CHO 
OTf 



-continued 
Scheme 1; Synthesis of U. Type lA 


CXJjEt 




5 > 


C02Et 








13 
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-continued 


14 


Synftiesis of 37.Type IC, and 39, Type ID 


V Y Y Y 

L6 38 36 



i 

Y 

39a-d,Type ID 


CO2H 


Syntheses of 44 and 48, Type IE 


HO 
40 


RO 




37d,Type IC 


Syntheses of 44 and 48, Type IE 
30 


-contmued 

CO2H 



HO b) 

OHC^ ^^-.^-ss^ 
4.1 ^yr 


45 HO' 

HO 
17 

50 


RO 

HO 
45 


op 

OTf 



15 

-continued 
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Scheme 6: 

Syntheses of 44 and 48, Type IE 

OHC^ 


RO' 


16 

-continued 


Scheme 7: 

Syntheses of 52, Type n 



15 



SdhemeT: 

Syntheses of 52, Type II 
a) For mete and para acids 

Z 



Br 
49 


SnBu3 




b) For ortho acads 



Br 
50 



OTf 

54 ^ 


SnBu3 
S3 



S2c,Type II 


Scheme 8: 

Syntheses of 57, Type II 
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.6 
6^ 


z 


Biophys. Acta 575: 467-470 (1979); Franson, R. C, Pa- 
triarca, P., and Elsback, P., /. Lipid Res. 15: 380-388 
(1974)]. The enzyme is isolated from human platelets. 
The substrate used consists of 1*^0-016316 labeled Escher- 

5 ichia coti membranes. E. colt cells are grown in the pres- 
ence of i^C-oIeic acid and then autoclaved to prepare 
the membranes. 

Various concentrations of test compounds are prein- 
cubated with PLA2 (3-6 mg/mL in a buffer consisting of 

10 25 mM HEPES (pH 7)), 150 mM NaCl, 5.0 mM CaCb, 
and 10% DMSO (v/v, test compoimd solvent) at 37' C. 
for 7 minutes. The E. coli substrate is then added (0.1 
mM phosphohpid, 0,005 md I'^C) and the reaction is 
then incubated at 37" C. for 30 minutes. The reaction is 

15 then terminated by the addition of L9 mL tetrahydrofu- 
ran (THF), and the entire solution is applied to a solid- 
phase extraction column (aminopropyl resin, Analyti- 
chem). The column is rinsed with an additional 1 mL of 
THF. The free fatty acid product of the reaction is then 

20 eluted from the column with 1 mL 2% acetic acid in 
THF and collected in a scintillation vial. The amount of 
free fatty acid product is determined by liquid scintilla- 
tion counting. The amount of inhibition produced by 
the test compoimd is calculated by comparing the 

25 counts obtained in the presence of the compound to 
those obtained in its absence (solvent only). Back- 
ground counts were determined by performing incuba- 
tions in Has absence of enzyme. 

Percent inhibition is determined by the equation: 

30 


^Inhibhkni = 


(CPM with test coinpoiind> — fbackgroond) 


57,TypeII 

PLA2 Inhibition Assay 
The method used is similar to that reported by Fran- 
son» &b al. [Jesse, R. L. and Franson R. C.» Biochim. 


^ (CPM without test compound) — (backgronnd) J 

The biological activities of compounds of Types lAE 
and II are given in Tables 1-6. The compounds are 
effective inhibitors of PLA2 in this assay. 


TABLE 1 


Biological Data fer Conqioimds of Stmctuie 11 and 14 (Type EA): 



CO2H 


Structure Number 


% Inhibition of PLA2 at 100 jtM 


00^ 


m-COiH 


80% 


111-CO2H 


CtbHiiO 



21 


5,391,817 
TABLE 1-contintted 


22 
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TABLE 2 


24 


Kological Data for Compoimds of Stmctuie 28 and 30 (Type I 



CO2H 


Stnicrtiire Number % Inhibition of PLA2 at 100 ju.M 




C3H11O. 


ex. 


C10H210' 

SCH30. 





m-CO^H 


iQ-C02li 


m.C02H 


m-COiH 


28a 


28% 


m-CQ2H 


m-C02H 


25 
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TABLE 3 


26 



27 
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TABLB ^-continued 


28 


Biological Data for Compounds of Stnicture 39 (Type ID): 


CO2H 



Ck>inpouiids of Type IB prefeirably confonn to one of 
the following sfnictnres: 
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30 


HC02. 



CIEl) salts include salts derived from triethanolamine. N- 

raethylglucamine, tris(hydroxymethyl)aininomethane, 
and L-lysine. 

The concentration of active ingredient(s), or com- 
S pound(s) of the invention, in such formulations will 
generally be from about 0.005 to about 10.0 wt %, with 
quantities of about 0.01 to about 5 wt % preferred. 

Additives such as carriers, colorants, perfumes, vehi- 
cles, stabilizers, flow control agents and other pharma- 
10 ceutically acceptable excipients can be used. Addition- 
ally, one or more other active ingredient(s) may be 
(DBgi) included. 

The concentration of additives, i.e., ingredients other 
than the compound(s) of the invention, will generally be 
15 from about 90 to 99.995 wt %. 

ADMINISTOATION 
The compounds of the invention, their isomers and 
pharmaceuticaily acceptable derivatives or analogs 
20 thereof, may be administered to any subjects in need of 
treatmait for inflammatory conditions, e.g., psoriasis, 


TABLE 6 


Bkdqgical Data for Componnds of Structtue 52 and 57 (Type Uy. 



(CH2)„CQ2H 


Z - H 

Stnicttue Number % Inhibition of PLA2 at 100 ooM 



Formulations 

Compo^tions or formulations may contain one or 
more of the compounds themselves. They may also 
contain isomers and/or pharmaceuticaily acceptable 
derivatives or analogs, such as salts, e.g., succinates, 65 
acetates, hydrochlorides, alkali metal salts, ammonium 
salts, or alkylammonium salts. Examples of alkali metal 
salts are sodium and potassium salts. Alkylammonium 


arthritis, and the like. While human subjects are pre- 
ferred, the subjects may also be mice or other mamma- 
lian species. 

The formulations discussed above may be adapted for 
administration via nasal, intravenous, intramuscular, 
opthalmic, buccal, oral or topical routes. Transdermal, 
i.e., topical, and oral administration are the preforred 
routes. 
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Suitable dosage forms for administration include pills, vacuo, yielding a crude solid. Chromatography on silica 

tablets, capsules, liquid compositions (administrable by gel using 2S% then 50% methylene chloride/hexane 

injection, ingestion, or application to the surface of the affords 2-trifluoromethylsuIphoiiyloxy-3-methoxyben- 

skin or to other body parts), creams, gels, lotions, oint- zaldehyde (2) (5.52 g„ 19.4 mmol, 74% yield) as a white 

ments and the like. 5 crystalline solid, analytically identical to the known 

DESCRIPTION OF SPECIFIC EMBODIMENTS 2^*5"^ ^^^Jo^^^'t'';-^;; ^*t^I'/' ^7a£!^'\ 

678): mp=29.5-31.5' C; XTVmax (CHC33 ) 244 nm 

In the following examples, all temperatures are given (£=8641) , 314 nm (€=3139); IH NMR (300 MHz, 

in degrees Centigrade. Melting points were determined CDCI3) 610.23 (s, IH, CHO), 7.51 (dd, J =2, 8 Hz, IH, 

on an electrothermal apparatus and are not corrected. 10 ArH), 7.44 (dd, J =8, 8 Hz, IH, ArH), 7.28 (dd, J =2, 8 

Proton and carbon-13 nuclear magnetic resonance (^H Hz, IH, ArH), 3.95 (s, 3H, OCH3); »3c NMR (75 MHz, 

and I3c NMR) spectra were recorded on a Bruker CDCI3) 6186.69 (C=0), 151.68, 129.53, 129.08, 121.13, 

AM-300 or a Varian Gemini 300 spectrometer. All 120.79, 118.59, 116,54, 56,58. (OCH3); IR (KBr) 1706. 

spectra were determined in CDCI3, DMSO-de, 16O8, 1580, 1482, 1422, 1294, 1230, 1210, 1132,946, 888 

CD3OD, or DiOunle® otherwise indicated. Chemical 15 cm-i; MS (DCI)m/e 285 (MH+). Anal. Calcd for 

shifts are reported m 8 units relative to tetramethylsi- C9H7F3O5S: C, 38.04; H, 2,48. Found: C, 37.99- H, 2.43. 

lane (TMS) and mterproton coupling constants are p^^ 3'-carboethoxy-6-carboethoxy [1, l'-biphenyl]2- 

reportedm Hertz (Hz); Splitting patterns are designated trifluoromethane-sulphonate (8a): scale=a982 mmol, 

as foUows: s,smglet;d, doublet; t,to^^ .^1^ _g3^ chromatographed on sUica using 

V^^' v'l^'f^i^^i CH2Cl2/hexane; IH NMR (300 MHz, CDCI3) €8.09 

doublet ofdoubletofdoublet;anddt, doublet of tn^^^ ^^^^ j^2, 2, 7 Hz, IH, ArH), 7.92 (m, 2H;ArH), 

Infrared spectra were determmed on a Perkin-Elmer . Arw^ a 7^ fr^ t— 7 ow 

calibrated to the 1601 cm- 'absoiption Of a polystyrene w rvvrH^n.-i noi /t 1—7 Tii ->H 

LTo^t^i^'S^S of ^^NKS S 2 : : 

?lB).SSuXtt^^^^^ ^^^^^Sn^T4; 

^t Packard 8452 di^e array spectrophometer in the 30 ^^^^l^^/J^i%'^^^\^^°L 

solvent indicated. ^ ^ ^ 30 ^m-l; (DCI) m/e 447 CMH+), 401 (MC2H50) . Anal. 

Analytical thin-layer chromatography (TLC) was ^^"^^ C19H17F3O7S: Q 51.12; H, 3.84. Found: Q 

carried out on precoated silica gel plates (60F-254) and 51.30; H, 3.93. 

visualized using UV light, iodine vapors, and/or stain- Eacample 2: General Procedures for the Synthesis of 
ing by heating with methanolic phosphomolybdic acid- 35 Staimanes 
Column chromatography, also referred to as flash chro- 
matography, was performed in a glass column using Procedure A: Palladium-catalyzed Stannylation of Aryl 
finely divided silica gel at pressures somewhat above Hahdes 

atmospheric pressure with the indicated solvents. Rev- The synthesis of 3-carboethozyphenyltributyl-stan- 

ersed-phase analytical thin-layer chromatography was ^ nane (3a) is illustrative: 

carried out on precoated reverse-phase plates and visu- Hthyl 3-bromobenzoate (13.8 mL* 86.2 mmol, 1 

alized using UV light or iodine vapors. Reversed-phase equiv.) and bis(tribntyl)tin (100 g., 172 mmol, 2 equiv.) 

column chromatography was performed m a glass col- are dissolved under argon in 380 mL of toluene. Tetra- 

umn usmg Baker Octadecyl (Cis). 40 ;*in. kis (triphenytphosphine)-paUadium(0) (5.00 g. . 4.33 

All evaporations of solvent were performed under mmol, 0.15 equiv. ) is added, and the mixture heated to 

reduced pressure. Celite is a registered trademark of the reflux overnight (ca, 16 h. ). The reaction is allowed to 

Johns-Manville Products Corporation for diatomaceous cool to room temperature, and is then filtered through 

earth. Florisil is a registered trademark of US SiHca. celite. The liltrate is concentrated in vacuo, and the 

EXAMPLBS residue is chromatographed on silica gel using hexane, 

. , ■„ , - i- 50 then 10% methylene chloride/hexane as the eluent. 3 

The followmg examples illustrate the preparation of -Carboethoxyphenyltributyl-stannane (3a) is obtained as 

compounds conformmg to Formula I and Formula H. ^ clear oil (21.1 g., 48.1 mmol, 56%, 95% purity): »H 

Experimental Procedures for Biaryl Phosoholipase A2 NMR (300 MHz. CDCI3) 68. 15 (s, IH, ArH), 7.97 (ddd. 

Inhibitors: Type lA J=2» 2, 8 Hz. Ift ArH), 7.62 (ddd, J=2, 2, 8 Hz, IH, 

. 55 ArJ), 7.39 (dd, J=S, 8 Hz, IH, ArH), 4.37 (q, J=8 Hz, 

Example 1: General Procdure for Synthesis of Tnflates jH, CO2CH2), 1.54 (m, 6H, SxSnCHi), 1.37 (m, 9H, 

The synthesis of 2-trifluoromethylsulphonyloxy-3me- 3xSnCH2CH2 and CO2CH2CH3), 1.10 (m, 6H, 

thoxybenzaldehyde (2) is illustrative of the procedure: 3 X SnCH2CH2CH2), 0.94 (t, J=8 Hz, 9H, 3XCH3) . 

o-VaniUrn (4.00 g., 26.3 mmol, 1 equiv.) is di^olved in For 3--(trifluorome11iyI)phenyl-tributylstamiane (3d): 

115 mL of dry methylene chloride. 4-Dime- 60 scale =13.3 mmol, yield =52%; chromatographed on 

thylaminopyridine (11.7 g., 95.8 mmol, 3.64 equiv.) is sihca gel using pentane; 'H NMR (300 MHz, CDCI3) 

added, and the flask cooled to 0' C. Trifluorome- 67.85 (s, IH, ArH), 7.75 (m, IH, ArH), 7,60 (m, IH, 

thanesulfonylanhydride (5.09 mL, 30.3 mmol, 1.15 ArH), 1.65 (m, 6H, 3xSnCH2), 1.47 .(m, 12H, 

equiv.) is added dropwise via syringe over 5 min. The 3 X SnCH2CH2CH2CH3), 0.91 (t, J=8 Hz, 9H, 3xCH3 

mixture is stirred for 30 min. at 0" C, and then poured 65 ) . 

into IN HCl. The organic layer is washed twice with For 4-carbomethoxyphenyltributylstannane (3f): see 

IN HCl, once with water, and then bdne. The organic Hylarides, et al., /. Organomet Chem. 1989, 367, 

phase is dried (MgS04)* and then concentrated in 239-265. 


33 


5,391,817 


34 


Procedure B: Trapping of Anions by Tri (n-butyl) 
stannyl chloride 

The synthesis of (E)-2-[(5,5,8,8-tetramethyl-5,6,7,8- 
tetrahydro)-7-naphthalen.yl]- 1 -propenyltributylstan- 
nane (9) is illustrative 

Bromomethyltriphenylphosphonimn bromide (6.07 
g„13.9 mmol, 1.05 equiv.) is suspended in 28 nxL of dry 
toluene. The suspension is cooled to —40' C. Potassium 


NMR(75 MHz, CDCI3) 5138.95, 138.74, 136.40, 128.88, 
64.67, 39.62, 29.10, 27.41, 20.87, 13.71, 9.51; IR (film) 
2956, 2928, 2856, 1464, 1254, 1098, 834 cm"^; MS (DCl) 
m/e 527 (MH+), 469 (M-C4H9), 395 (M-CeHisSiO). 

For (3-carboethoxymethyl)phenyl-tributylstaniiane 
(3g): Obtained from ethyl (4-bromophenyl)acetate via 
treatment with lithiimi diisopropylamide (1.1 equiv.) in 
THF at —78° C. (20 min.), followed by t-butyllithium (2 
equiv., 55 min. at —78* C), and then trapping wi^ 


tert-butoxide (95%, 1.57 g., 13.3 mmol, 1 equiv.) is 10 n-BuaSnCl as above; scale —6.38 mmol, yield =42%; 

added and the flask allowed to warm to —20° O over chromatographed on silica gel using EtOAc/hexane; 

30 min- The mixture is re-cooled to -40° C, and 7- *H NMR (300 MHz, CDCI3) 57.36 (s, IH, ArH), 

acetyl (5,5,8,8-tetramethyl-5,6,7,8-tetrahydronaphtha- 7.31-7.20 (m, 3H, ArH), 4.16 (q, J=7 Hz, 2H, 

lene) (3.05 g., 13.3 mmol, 1 equiv.) dissolved in 10 mL of CO2CH2), 3.59 (s, 2H, A1CH2CO2). 1.72-1.44 (m, 6H, 

toluene is added dropwise. The flask is allowed to warm 15 SxSnCIfc), 1.42-1.22 (m, 15H, 3xSnCH2CH2CH2and 


to —30" C. and stir for 2 hours. The mixture is poured 
into half-saturated ammonium chloride solution, and 
extiacted with EtOAc and ether. The organic phase is 
washed with brine, dried (MgS04) and then concen- 
trated in vacuo. Chromatography on silica gel using 20 
hexane as the eluent affords (E)-2-[(5,5,8,8-tetrainethyl- 
5,6,7, 8-tetrahydro)-2-naphthalenyl]- l-bromopropene 
(1-70 g., 5.54 mmol, 42%) as a 17:1 mixture of E:Z olefin 
isomers: Data for E isomer: NMR (300 MHz, 
CDCI3) 67.29 (d, J=8 Hz, IH, ArH), 7.27 (d, J=2 Hz, 
IH, ArH). 7. 1 1 (dd, J=2, 8 Hz, IH, ArH), 6.40 (q, J = 1 
Hz, IH, C=CHBr), 2.23 (d, J=l Hz, 3H, C=CCH3), 
1.70 (s, 4H, CH2CH2), 1.31 ( s, 6H, 2XCH3), 1.29 (s, 6H, 
2XCH3). 

(E)-2-[(5,5,8,8-tetrainethyl-5,6,7,S-tetrahydro)-2- 
oaphthalenyll-l-lxromopropene (a680 g., 2.20 mmol, 1 
equiv.) is dissolved in 6.8 mL of dry THF. The solution 
is cooled to —78° C. and t-BuLi (1.7M in hexane, 2,74 
raL, 4.62 mmol, 2.1 equiv.) is added dropwise. After 


C02CH2CEb), 0.94 (m, 9H, SXCHs). 

Example 3: General Procedure for the Synthesis of 
Biaryls via Palladium-catalyzed Coupling of Tiiflates 

and Stamianes 

The synthesis of 2-methoxy-3'-carboethoxy-[l,r- 
biphenyl]-6-carboxaldehyde (4a) is illustrative: 

Stannane 3a (4.25 g„ 9.68 mmol, 1.5 equiv.) and tri- 
flate 2 (1.80 g., 6.44 mmol, 1 equiv.) are suspended in 17 
25 mL of DMF. Bis(triphenylphosphine)palladium dichlo- 
ride (0.68 g., 0.969 mmol, 0.15 equiv.) and LiCl (0.82 g., 
19.3 mmol, 3 equiv.) are added and the mixture is heated 
to 150° C. After 45 min,, more bis(triphenylphospine)- 
paUadium dichloride (0.2 g., 0.285 mmol, 0.04 equiv.), 
30 more LiCl (0,4 g., 9.42 mmol, 1.46 equiv.), and more 
stannane 3a (0.8 g., 1.82 mmol, 0.28 equiv.) is added, and 
heating is continued for 2 hours. (The reaction gener- 
ally turns from yellow-brown to black when complete.) 


The mixture is allowed to cool to room temperature, 
stirring for 30 min. at —78° C, tri(n-butyf)tin chloride 35 and 15 mL of aqueous saturated KF and 10 mL of ether 
(0.60 mL, 2.2 mmol, 1 equiv.) is added. The mixture is are added. The mixture is stirred for 30 min., and then 
stirred at —78" C. for 15 min. and the cooling bath is filtered through celite to remove the tin salts. The filter 
removed. After 15 min., the solution is poured into cake is washed with EtOAc and ether, and the corn- 
water, and extracted with ether. The ether extracts are bined filtrates are washed with water, followed by 3% 
washed with brine, dried (MgS04) and then concen- 40 aqueous ammonia solution and then brine. The organic 


phase is dried (MgS04) and then concentrated in vacuo. 
Chromatography on silica gel using 25%, 50% then 
75% methylene chloride/hexane affords 2-methoxy-3'- 
carboethoxy-[l,l'-biphenyl3-6-carboxaldehyde (4a) 
45 (1.72 g., 6.06 mmol, 94%) as a slightly yellow oil which 
crystallizes on standing: mp=67'*-69° C; TJVmcoc 
(CHCI3) 242 nm (e= 15819), 324 nm (€ = 3953); iH 
NMR (300 MHz, CDCI3) 89.70 (s, IH, CHO), 8.09 
(ddd, J =2, 2, 7 Hz, IH, ArH), 7.99 (s, IH, ArH), 7.62 
50 (dd, J = 2, 8 Hz, IH, ArH), 7.49 (m, 3H, ArH), 7.19 (dd, 
J=2, 8 Hz, IH, ArH), 4,37 (q, J=7 Hz. 2H, CO2CH2), 
3.76 (s, 3H, OCH3), 1.34 (t, J=7 Hz, 3H, C02CH2CH3>, 
13C NMR (75 MHz, CDCI3 ) 5191.93 (C==0), 166.31 
(0=0), 156.98, 135.27, 133.73, 133.57, 131,92, 130.42, 
129.17, 129.09, 128.09,119.30, 115.95, 61.14,56.06, 14.32; 
IR (fihn) 2980, 2940, 2838, 1718, 1694, 1468, 1294, 1260, 
1234, 1 1 10, 794 cm-l; MS (DCI) m/e 285 (MH+), 239 
(M— C2H5O). Anal. Calcd for CnHi6O4.0.25 H2O: C, 
70.69; H, 5.76. Found: C, 70.64; H, 5.59. 

For 6-carboethoxy-2-[(E)-2-[(5,5,S,8-tetramethyi- 
5,6,7, 8-tetxahydro)-2-naphthalenyl]- l-propenyl3-3'-car- 
mmol« yield =41%; chromatographed on sifica gel boethoxy-[l,l'-hiphenyl](10a): From stannane 9a and 
using hexane; NMR (300 MHz, CDCI3) 57.36 (d, triflate Ba; temperature =130° C, scale =0.445 mmol, 
J=8 Hz, 2H, ArH), 7.16 (d, J =8 Hz, 2H, ArH), 3.79 (t, yield = 84%; chromatographed on silica gel usm^ 
J=7 Hz, 2H, CH2O), 2.79 (t, J=7 Hz, 2H, ArCH2), 1.50 65 EtOAc/hexane; UVmax (EtOH) 212 mn (€=30865), 
(m, 6H, 3XSnCH2), 1.30 (m, 6H, 3xSnCH2CH2CH2) , 278 nm (e= 11586 ); IH NMR (300 MHz, CDOs) 58.03 
1.02 (m. 6H, 3xSnCH2CH2CH2), 0.87 (m, 9H. CH3), (ddd, J=2, 2, 8 Hz, IH. ArH). 7.90 (s, IH, ArH), 7-78 
0.86 (s, 9H, SiC(CH3)3X -0.^ (s. 6H, 2xCH3:h »^ (dd, J=2. 8 Hz. IH. ArH). 7.52 (dd. J=2, 8 Hz. IH. 


trated in vacuo. The yield of crude (E)-2-[(5,5,8,8-tet- 
ramethyl-5,6,7, 8-tetrahydro)-2-naphthalenyl]- 1- 
prop^yltributylstannane (9) is 1.50 g. This material is 
suitable for use in subsequent reactions wiliiout purifica- 
tion: IH NMR (300 MHz, CDCI3) S7.40 (bs. IH, ArH), 
7.28 (m, 2H, ArH), 6.23 (m, IH, C=CH), 2.21 (s, 3H, 
C=CCH3), 1.69 (s, 4H, CH2CH2), 1-60 (m, 6H, 
3xSnCH2), 1.35 (m, 12H, 3xSnCH2CH2CH2), 1.32 (s, 
6H. 2xCHa) , 1.30 (s. 6H, 2XCH3), 0.95 (m, 9H, 
3XCH3) . 

For 4-(l, 1 -dimethylethyl)phenyl-tributylstannane 
(3c): From 4-tertbutylbromobenzene; scale =18-7 
mmol, yield =100%; IH NMR (300 MHz, CDCI3) 
57.39 (m, 4H, ArH), 1.54 (m, 6H, 3XSnCH2), 1-36 (m, 
6H, 3xSnCH2CH2CH2), 1.34 (s, 9H, C(CH3)3), 108 55 
(m, 6H, 3XSnCH2CH2CH2), 0.90 (m, 9H, CH3). 

For 4-(2-tertinityidimethylsilyloxy-l-ethyl))phenyl- 
tributyl-stannane (3e): From 4-bromophenethyl alcohol 
by silylation using tertbutytdimethylsilyl chloride, tri- 
ethylamine, N'N-dimethylaminopyridine in methylene 60 
chloride, followed by anion trapping; scale =5.24 


35 


5,391,817 


36 


ArH), 7.44 (dd, J=8, 8 Hz, IH, ArH), 7.39 (m, 2H, 
ArH). 7.16 (d, J== 8 Hz, IH, ArH), 7.00 (d, J=2 Hz, IH, 
ArH), 6.95 (dd, J =2, 8 Hz, IH, ArH), 6.28 (s. IH, 
C=CH), 4.31 (q, J=7 Hz, 2H, CO2CH2), 4.01 (q, 3=1 
Hz, 2H, CO2CH2), 2.08 <s, 3H, C^CCHa), 1.62 (s, 4H, 5 
CH2CH2), 1.32 (t, J=7 Hz, 3H. CH2CH3), 1.22 (s, 6H, 
2XCH3), 1.16 <s, 6H, 2XCH3), 0.94 (t, J=7 Hz, 3H, 
CH2CH3); NMR (75 MHz, CDCI3) S168,20 (C=0) 
, 166.47 (C=0), 144.46, 144.06, 140.44, 140.37, 140.26, 
138.53,137.53, 133.82, 132.92, 131.82, 130.32, 130.02, 10 
128.24, 128.04, 127.75, 127.21, 126.30, 125.73, 123.91. 
123.11, 60.91, 60.85, 35.11, 34.99, 34.20, 34.04, 31.73, 
17.23, 14.27, 13.70; IR (film) 2960, 2926, 1722, 1292, 
1234, 1136 cm-1; MS (DCI) m/e 525 (MH+), 479 
(M— C2H5O). Anal. Calcd for C35H40O4 .0.4 H2O: C, 
79.03; H, 7.73. Found: C. 79.09; H, 7.62. 

For 2-methoxy- [1, r-biphenyl]-6-carboxaldehyde 
(4b); From phenyltributylstaimane (3b) and triflate 2; 
scale =6,34 mmol, yield =54%; chromatographed on 
silica gel using CH2CI2 hexane; mp=42''-43'' C; Wmax 
(EtOH) 224 nm (€=22349), 322 nm (£ = 3702); iH NMR 
(300 MHz, CDCI3) 69.74 (s, IH, CHO), 7.65 (d, J = 8 
Hz, IH, ArH), 7.49-7.32 (m, 6H, ArH), 7.19 (d, J= 8 
Hz, IH, ArH), 3.80 (s, 3H, OCH3); l^C NMR (75 MHz, 
CDCI3) S192.46 (C==0), 157.00, 135.40, 134.92, 133.16, 
131.09, 128.78, 128.00, 127.94, 119.05, 115.92, 56.03; IR 
(KBr) 2840, 1680, 1590, 1570, 1255, 1235 cm-i; MS 
(DCI) m/e 213 (MH+X 195 (M— OH). Anal. Calcd for 
C14H12O2.O.I H2O: C, 78.57; H, 5.55. Found: C, 78.24; 
H, 5.76. 

For 2 -methoscy - 3'-trifluoromethyl-[l,l'- bipheny]-6- 
carboxaldehyde (4c): From triflate 2 and 3-trifluoronie- 
thylphenyl-tributylstannane (3d); scale = 6.34 mmol, 
yield =51%; chromatographed on silica gel using 33 
CH2a2/hexane; mp=98'*-99'' C; UVm«x (EtOH) 218 
nm (£=21188), 322 nm (€=3809); »H NMR (300 MHz, 
CDCI3) 86 9.73 (s, IH, CHO), 7.70-7.48 (m, 6H, ArH), 
7.21 (d, J^8 Hz, IH, ArH), 3.80 (s, 3H, OCH3); ^^C 
NMR (75 MHz, CDCI3) 6191.66 (C=0), 156.87, 40 
135.24. 134.38, 134.15, 132.95, 130.50 (d, J V/==32 Hz), 
129.47,128.49, 127.70 (d, 3\,f=4 Hz) 124 75 (d, 3^c-/=4 
Hz), 123.61 (q, Shc^f=271 Hz), 119.49, 116.00, 56.04; IR 
(KBr) 2840, 1687, 1590, 1340, 1267, 1242, 1110 cm-i; 
MS (DCI) m/e 281 (MH+). Anal. Calcd for 45 
C15H11F3O2: C, 64.29; H, 3.95. Found: Q 64.35; H, 3.93. 

Example 4: General Procedne for die Qxidatian <tf 
Alddhydes to Acids 

The synthesis of 2-methoxy-3'-carboethoxy-[l,r- 
biphenyl]-6-carboxylic acid (5a) is illustrative: 

Aldehyde 4a (0.512 g., 1.80 mmol, 1 equiv.) is dis- 
solved in 17 mL of THF and 13 mL of H2O. TTie solu- 
tion is cooled to 0* C. Sulfamic acid (0.525 g., 5.41 55 
mmol, 3 equiv. ) is then added, followed by a solution of 
sodium chlorite (80% tech., 0.612 g., 5.41 nunol, 3 
equiv. ) in 4 mL of H2O. The mixture is stirred for 15 
min. at O" C, and then poured into EtOAc and water. 
The aqueous layer is extracted thrice with EtOAc, and 60 
the combined organic-phase is washed with brine. The 
organic phase s diried (MgS04) and then concentrated 
in vacuo to afford 2-methoxy-3'-carboedioxy-[l,l'- 
biphenyl]-6-carboxylic acid (5a) as a pale yellow oil 
(0.583 g., 1.80 mmol, 100%): iH NMR (300 MHz, 65 
CDOs) 6 10.17 (br, IH, C2H), 8.02 (ddd, J=2, 2, 8 Hz, 
IH. ArH), 7.94 (s, IH, ArH), 7.56 (d, J=8 Hz, IH, 
ArH). 7.41 (m, 3H. ArH). 7.15 (d, J=8 Hz, IH, ArH), 


4.19 (q, J=7 Hz, 2H, CO2CH2), 3.,73 (s, 3H, OCH3), 
1.39 (t, J=7 Hz, 3H, CH2CH3). 

For 2-[(3-acetoxy-4-pentyloxy)phenyl]methoxy-[l, 1'- 
biphenyl]-6-carboxylic acid (14f): From ether 16f (see 
Example 11); scale=1.18 mmol, yield = 63%; chro- 
matographed on silica gel using EtOAc/hexane; 
mp=128"'-129° C; lJV„ax(EtOH) 206 mn (e = 30285), 
222 nm (e=26802), 282 nm (€ = 3915); ^H NMR (300 
MHz, CDCI3) 8 7.53 (d, J=8 Hz, IH, ArH), 7.37-7.25 
(m, 6H, ArH), 7.11 (d, J=8 Hz, IH, ArH), 6.90 (dd, 
3=2, 8 Hz, IH, ArH), 6.80 (d, J==8 Hz, IH, ArH), 6.73 
(d, J = 2 Hz, IH, ArH), 4.90 (s, 2H, ArCH20), 3.91 (t, 
3=7 Hz, 2H, RCH20Ar), 2.27 (s, 3H, CH3CO), 1.72 (ra, 
2H, CH2CH20Ar), 1.36 (m, 4H, CH3CH2CH2), 0.89 (t, 
3=7 Hz, 3H, CH3); NMR (75 MHz, CDCI3) 6 
170.92 (C=0), 168.91 (C=0), 162.93, 156.03, 150.03, 
139.85, 136.32, 132.80, 131.40, 129,58, 129.11, 128.39, 
127.74, 124.97, 122.93, 121.31, 117.30. 113.17, 70.10. 
68.72, 28.79, 28.04, 22.36, 20.55, 14.02; IR (KBr) 3440 
(OH), 296a 2870, 1770 (C=^% 1700 (C^=0). 1510, 
1275, 1255 cml; MS (DCI) m/e 448 (M+), 431 
(M— OH), 389, 235. Anal. Calcd for C27H28O6: C, 
70.88; H, 6.17. Found: C, 70.56; H, 6.07. 

For 2-[4-( 1 -adamantyl)-3-methoxyphenyl]methoxy- 
[l,r-biphenyl]-6-carboxylic acid (14 g): From ether 16 
g; scale =0.33 mmol, yield =59%; chromatographed on 
silica gel using MeOH/CH2Cla mp=95*'-100* C; 
UV^ (EtOH) 206 nm (€=44086), 282 nm (€=4908); 
IH NMR (300 MHz, CDCI3) 6 7.55 (d, J=8 Hz, IH, 
ArH), 7.40-7.29 (m, 6H, ArH), 7.18 (d, J=8 Hz, IH, 
ArH), 7.09 (d, J=8 Hz, IH, ArH), 6.89 (d, J=8 Hz, IH, 
ArH), 6,60 (s, IH, ArH), 4.98 (s, 2H, ArCH20), 3.63 (s, 
3H, CH3O), 2.04 (s, 9H, adamantyl), 1.75 (s. 6H, ada- 
mantyl); i^c NMR (75 MHz, CDCI3) 8 158.91 (C=0), 
137.80, 136.54, 135.33, 131.56, 129.58, 128.41, 127.71, 
127.09, 126.30, 122.68, 118.11, 116.80, 109.65, 70.30, 
54.94, 40.51, 37.10, 36.80, 29.05; IR (KBr) 3440 (OH), 
2903, 1700 (C=0). 1580, 1450, 1260 cm- 1; MS (DCI) 
m/e 469 (MH+), 468 (M+), 467 (MH-), 451 (M— OH), 
255. Anal, Calcd for C31H32O4.H2O: C, 76.36; H, 6.79. 
Found: C, 76.51; H, 7.02. 

For 2-[(3,4-bispentyloxy)phenyl]methoxy-[ 1,1'- 
biphenyl]-6-carboxylic acid (14i): From ether 16i; sca- 
le =1.0 mmol, yield =63%; chromatographed on silica 
gel using EtOAc/hexane; mp=97''~98'' C; ITVmax 
(EtOH) 208 nm (€=49471), 284 nm (6 = 5533); ^H NMR 
(300 MHz, CDCI3) S 7.53 (d, J=8 Hz, IH, ArH), 
7.40-7.26 (m, 6H, ArH), 7.17 (d, J=8 Hz, IH, ArH), 
6.76 (d, J=8 Hz, IH, ArH), 6.56 (dd, J=2, 8 Hz, IH, 
ArH), 6.62 (d, J=2 Hz. IH, ArH), 4.93 (s, 2H, ArC- 
H2O), 3.95 (t, 3=7 Hz, 2H, RCH2O), 3.80 (t, 3=7 Hz, 
2H, RCH2O). 1,82-0.90 (m, 15H, pentyl); l^C NMR (75 
MHz, CDCI3) 6 172.64 (0=0), 156.11, 149.21, 148.44, 
136.48, 132.75, 131.55. 129.55, 129.30. 128.32. 127.64. 
127.06, 122.74, 118.89, 117.17, 113.47, 112.02, 70.61, 
69.32, 68.95, 28.96, 28.20, 22.50, 14.06; IR (KBr) 3440 
(OH), 2930, 2860, 1670 (C=0), 1530, 1310, 1260 cm-l; 
MS (DCI) m/e 477 (MH+), 459 (M— OH). 263. Anal. 
Calcd for C30H36O5.O.5 H2O: C, 74.20; H, 7.68. Found: 
C, 74.45; H, 7.42. 

For 2-[(3 ,4-bispentyloxy)phenyl]methoxy-[ 1,1'- 

biphenyl]-3'-trifluoromethyl-6-carboxylic acid (14j): 
From ether 16j; scale=0,33 mutnol, yield=57%; chro- 
matographed on silica gel using MeOH/CH2Cl2; 
mp=76''-77'' C; UV;„«;e (EtOH) 206 nm (€=41471), 284 
ran (€=5637); ^H NMR (300 MHz, CDCI3) 6 7.60-7.43 
(m, 5H, ArH), 7.37 (d, J=8 Hz, IH, ArH), 7.20 (d, J=8 
Hz, IH, ArH), 6.76 (d. J=8 Hz, IH, ArH), 6.65 (dd. 
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J=2, 8 Hz, IH, AtH), 6.60 (d, J=2 Hz, IH, ArH), 4.94 

(s, 2H, ArCHzO), 3.97-3.77 (m, 4H, ZxArOCHi), 
1.84-0.89 (m, 18H, pentyl); i^c NMR (75 MHz, CDCI3) 
S 172.04 (G=0), 156.05, 149.20, 148.66, 137.52, 133.01, 
131.20 (d, J \.f= 18 Hz), 129.70, 128.93 (d, J V/=4 Hz), 
127.94, 125.01 (q, J 1^-/210 Hz), 122.99, 121.55, 121.43, 
119.22, 117.13, 114.28, 113.94, U2.25, 112.12, 70.59, 
69.28, 68.96, 29.72, 28.95, 28.69, 22.48, 14.05; IR (KBr) 
3400 (OH), 2930, 2960, 1700 (C=0), 1590, 1520, 1330, 
1300, 1270 cm-i; MS (DCI) m/e 544 (M+), 435, 283, 
263. Anal. Calcd for C31H35O5F3: Q 66.18; H. 6.02. 
Found: C, 66.44; H, 6.15. 

For 2-[(4-decyloxy)phenyl]mclhoxy-[l, I'-Wphenyl]- 
6-carboxylic acid (14k): From ether 16k; scale=0.63 
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1700, 1686, 1450, 1300, 1262, 1070. 758 cm^l; MS 
(DCI) m/e 415 CMH+), 201 (C15H21+). AnaL Calcd for 
C28H30O3.O.4 H2O: C, 79.74; H, 7.36. Found: C, 79.85; 
H, 7.40. 

For 2-(5 ,6,7,8-tetrahydro-5,5, 8, 8-tetramethyl-2-naph- 
thalenyl)methoxy-[l , 1 '-biphenyl]-4'-(l, 1-dimethyle- 
thyl)-6-carboxylic acid (14o): From ether I60; sca- 
le= 0.277 mmol, yield =70%; chromatographed on sil- 
ica gel using MeOH/CH2Cl2: \^max (CHCI3) 242 nm 
(6=7967), 298 nm (€ = 3564); ^H NMR (300 MHz, 
CDCI3) 6 7.47 (d, Js=8 Hz, IH, ArH), 7.39-7.11 (m, 8H, 
ArH), 6.85 (dd. J=2, 8 Hz, IH, ArH), 4.93 (s, 2H, ArC- 
H2O). 1.62 (s, 4H. CH2CH2), 1.32 (s, 9H, C(CH3)3), 1.17 
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mmol, yield=62%; chromatographed on silica gel 15 (s, 6H, 2XCH3), 1.15 (s, 6H, 2XCH3); "c NMR (75 


using 10% MeOH/CH2Cl2; mp = 92'-93* C; XTsfmax 
(EtOH) 206 nm (€=38203), 284 nm (e=3792); ^H NMR 
(300 MHz, CDCls) 6 7.54 (d, J=8 Hz, IH, ArH), 
7.39'-7.27 (m, 6H, ArH), 7.16 (d, J=8 Hz, IH, ArH), 
7.07 (d, 2H, J=8 Hz, ArH), 6.81 (d, J==8 Hz, 2H, ArH), 
4.94 (s, 2H, ArCHaO), 3.92 (t, J=6 Hz, ArOCHaR), 
1.76 (m, 2H, ArOCH2CH2R), 1.44-1.27 (m, 14H, 
R(CH2)7CH3), 0.89 (t, J =6 Hz, 3H, CH3C); l^c NMR 
(75 MHz, CDCI3) S 173.00 (C=0), 158.69, 156.13, 
136.36. 132,83, 131.65, 129.56, 128.49, 128.26, 128.19, 
127.65, 127.12, 122.76, 117.44, 114.34, 70.66, 67.99, 
53.45, 31.91. 31.61* 29.58, 29.41, 29.34, 29.26, 26.04, 
22.69, 14.15; IR (KBr) 3450 (OH), 2925, 1705 (0=^), 
1675 (C=0), 1530, 1240, 1267 cm-l; MS (DCI) m/e 


MHz, CDCI3) 8 171.58 (C=0), 156.33, 149.85, 144.84, 
144.17, 133.68, 133.21, 129.32, 128.14, 126.42, 124.76, 
124.63, 123.87, 122.45. 116.47, 70.67, 34.99, 34.55, 34.24, 
34.06, 31.90, 31.82, 31.40; IR (KBr) 3430, 2962, 2926, 
20 2864, 1698, 1578, 1454, 1400, 1364, 1298, 1260, 1060 
cm-i; MS (DCI) m/e 471 (MH+), 425 (M— CO2H), 
201 (C15H21+). Anal. Calcd for C32H38O3.O.9 H2O: C, 
78.94; H, 8.23. Found: C, 78.91; H, 8.04. 
25 For 2-(5,6,7,8-tetrahydro-5,5,8,8-tetramethyl-2-naph- 
thalenyl)methoxy-4'-(2-tertbiityldimethylsilyloxy- 1 - 
ethyl)-[l,r-biphenyl]-6-carboxylic acid: From ether 
16p; scale =0.29 mmol, yield =58%; chromatographed 
on silica gel using EtOAc/MeOH; NMR (300 MHz, 


461 OI+), 247. Anal. Calcd for C30H36O4: C 78.23; H, 30 CDCI3) S 7.48 (d, J=8 Hz, IH, ArH), 7.33 (dd, J=8, 8 


7.88. Found: C, 78.11; H, 7.85, 

For 2-(5,6,7,8-tetraliydro-5,5,8,S-tetTamethyl-2-naph- 
thalenyl)methoxy-[l, 1 '-biphenyl] -6, 3 '-dicarboxylic 
acid, 3'-ethyl ester (141): From ether 16 1; scale =2.97 
mmol, yield =78%; recrystaUized from CH2Cl2/pen- 
tane; UV^^x (CHCI3) 242 nm (c= 11785), 298 nm 
(€=3885); IH NMR (300 MHz, CDCls) S 8.02 (ddd, 
J=2, 2, 8 Hz, IH, ArH), 798 (s, IH, ArH), 7.56 (dd, 
J=l, 8 Hz, IH, ArH), 7.44 (m, 2H, ArH), 7.38 (t, J=8 
Hz, IH, ArH), 7.20 (dd, J=l, 8 Hz, IH, ArH), 7.16 (d, 
J=8 Hz, IH, ArH), 6.98 (d, J =2 Hz, IH, ArH), 6.88 
(dd, J=2, 8 Hz, IH, ArH), 4.94 (s, 2H, ArCH20), 4.33 
(q. J=7 Hz. 2H, CO2CH2), 1.60 (s, 4H, CH2CH2), 1.34 
(t, J=7 Hz, 3H, CH2Cai3>, 1.21 (s. 6H, 2XCH3), 1.10 (s, 
6H, 2XCH3); "c NMR (75 MHz, CDOs) 8 171.22 45 
(C=0), 166.63 (C=0), 156.32, 144.94, 144.29, 136.94, 
134.06, 133.34, 131.93, 130.96, 130.63, 129.98, 128.74, 
128.44, 127.75, 126.45, 124.52, 123.72, 122.84, 116.84, 
70-52, 60.86, 34.96, 34.15, 34-06, 31.79. 31,67, 14.33 


Hz, in. ArH). 7.24-7.14 (m, 6H. ArH), 7.07 (s. IH, 
ArH), 6.88 (d, J=8 Hz, IH, ArH), 4.93 (s, 2H, ArC- 

H2O), 3.83 (t, J =7 Hz. 2H, SiOCH2), 2.83 (t, J=7 Hz, 
2H, ArCH2CH2), 1.62 (s, 4H, CH2CH2), 1.22 (s, 6H, 
35 2XCH3), 1.15 (s, 6H. 2XCH3) 0.87 (s, 9H, C(CH3)3), 
-0.01 (s, 6H. Si(CH3)2>; "C NMR (75 MHz, CDCI3) 5 
156.23, 144.90, 144-22, 137.83, 134.18, 133.62, 132.19, 
129.55, 128.66, 128.23, 126.44, 124.67, 123.83, 122.50, 
116.53, 70.57, 64.62, 39.49, 35.03, 34.99, 34.21, 34.07, 
31.82, 31.72, 25,98, 18.39; IR (fdm) 2956, 2928, 2858, 
1700, 1594, 1578. 1470, 1454, 1408, 1298, 1258, 1096, 832 
cm-i; MS (DCI) m/e 573 (MH+), 557 (M— OH), 515 
(M— C4H9), 441 (M— CeHisSiO), 201 (C15H21+). 

Desilylation of the above tertbutyldimethylsilyloxy 
derivative using tetrabutylammonium fluoride in 
THF/water affords 2-(5,6,7,8-tetrahydro-5,5,8,8-tet- 
ramethyl-2 -naphthalenyl )methoxy-4'-(2-hydroxy>l- 
ethyl)-[l,r-biphenyl]-6-carboxylic acid (14p): sca- 


11.17; IR (KBr) 3260, 3100, 2960, 2926, 1718, 1698, 50 le=0.70 mmol, yield=63%; chromatographed on C-18 


1576, 1456, 1298, 1262, 1234, 758 cm-i; MS (DCI) m/e 
487 (MH+), 469 (M— OH), 201 (C15H21+). Anal. Calcd 
for C31H34O5.O.5 H2O: C, 75.13; H, 7.12. Found: C, 
75.05; H, 7.10. 

For 2-(5,6,7,8-tetrahydro-5,5,8,8-tetramethyl-2-naph- 
thalenyl)methoxy-[l, r-biphenyl]-6-carboxylic acid 
(I4n): From ether 16n; scale=0.27 mmol, yield=88%; 
chromatographed on silica gel using MeOH/CH2Cl2; 
mp= 130--131'' C; UV^(MeOH) 210 nm (e=37099), 
290 nm (€=2908); ^H NMR (300 MHz, CD3OD) S 60 
7-40-7.21 (m, 7H, ArH), 7.19 (d, J=8 Hz, IH, ArH), 
7.09 (d, J=l Hz, IH, ArH). 6.91 (dd, J=2, 8 Hz, IH, 
ArH), 4.96 (s. 2H, ArCH20), 1.65 (s, 4H, CH2CH2), 
1.25 (s, 6H, 2XCH3), 1.15 (s, 6H, 2XCH3); ^^C NMR 
(75 MHz, CD3OD) S 157.43, 145.83, 145.13, 138.39, 
135.61, 135.25, 130.95, 129.46, 128.63, 127.95, 127.41, 
125.94, 125.15, 122.36. 116.92, 71.51. 36.23, 36.18, 35.17, 
34.98, 32.26^ 32.23; IR (KBr) 3448, 296a 2924, 2858, 


silica gel using MeOH; mp=201''-203" C; UV^ 
(EtOH) 222 nm (e=23370), 206 nm (e = 21641), 294 nm 
(e=3161); IH NMR (300 MHz, CDCI3) S 7.32 (dd, 
J=2, 8 Hz, IH, ArH), 7.21 (dd, J=7, 7 Hz, IH, ArH), 
55 7.13-7.02 (m, 6H, ArH), 6,93 (d, J=2 Hz, IH, ArH). 
6.78 (dd, J =2, 8 Hz, IH, ArH), 4.81 (s, 2H, ArCHzO), 
3.69 (t, J =7 Hz, 2H, SiOCH2), 2.72 (t, J = 7 Hz, 2H, 
ArCH2CH2), 1.49 (s, 4H, CH2CH2), 1-08 (s, 6H. 
2XCH3). 1.01 (s, 6H. 2XCH3^ NMR (75 MHz, 
CDCI3) 8 170.37 (C=0), 156.01. 144.76. 144.11, 137.27, 
134.72, 133.49, 133.19, 131.70, 129.45, 128.31, 128.08, 
126.27, 124.55, 123.69, 121.81, 115.93, 70.41, 63.07, 
38.93, 34.85, 34.80, 34.01, 33.87, 31.54, 31.41; IR (KBr) 
65 3366, 2958, 2926, 2858, 1706, 1454, 1262, 1244. 1048 
cm-l; MS (DCI) m/e 459 (MH+), 441 (M— OH), 201 
(C15H21+). AnaL Calcd for C30H34O4: C, 78.57; H, 7.47. 
Found: C, 78.79; H, 7.07. 
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Example 5: G^eral Procedure for the Esteztfication of 
Acids 

The synthesis of 2-methoxy-3'-carboetlKixy-[l,l'- 
biphenyl]-^carboxylic add, ethyl ester (6a) is illustra- 5 

tive; 

Acdd Sa (0.583 g., 1.90 mmol, 1 eqniv.) is dissolved in 
12 mL of absolute EtOH. Concentrated HO (0.6 mL) is 
added, and the mixture heated to reflux for 24 hours. 
The mixture is then partitioned between EtOAc and 10 
water. The organic phase is washed with brine, dried 
(MgS04), and concentrated in vacuo. Chromatography 
on silica gel using 5%, then 10% EtOAc/hexane yields 
2-methoxy-3'-carboethoxy-[ 1 , 1 '-biphenyi]-6-carboxylic 
acid, ethyl ester (6a) (0.432 g., 1.32 mmol, 73%) as a 15 
clear oil: UV«« (CHCI3) 242 ran (e= 12036), 296 nm 
(€=4724); IH NMR (300 MHz, CDCI3) 8 8.01 (m, IH, 
ArH), 7.92 (m, IH, ArH), 7.47-7.40 (m, 3H, ArH), 7.39 
(dd. J =8, 8 Hz, IH, ArH), 7.09 (dd, J =2, 8 Hz, IH, 
ArH), 4,34 (q, J=7 Hz. 2H. CO2CH2), 3,98 (q, J=7 Hz, 20 
2H. CO2CH2), 3.73 (s, 3H, OCH3), 1.35 (t, J=7 Hz, 3H, 
CH2CH3), 0.91 (t, J=7 Hz, 3H, CH2CH3); 13C NMR 
(75 MHz, CDCI3) 8 168.04 (C=0), 166.65 (0=0), 
156.92, 137.28, 134.11. 133.22, 130.73, 130.07, 129.98, 
128.78, 128.22, 127.63, 121.63, 113.87, 60.88, 56.02, 25 
14.34, 13.65; IR (fihn) 2982, 1718, 1466, 1366, 1298, 
1260, 1234, 1110, 1060 cm-1; MS (DCI) m/e 329 
(MH+), 283 (M— C2H5O). Anal. Calcd for CL9H20OS: 
C, 69,50; H, 6.14. Found: C, 69.44; H, 6.19. 
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Example 6: General Procedure for the Demefhylation 
of Aryl Methyl Ethers 

The syndiesis of 2-hydroxy-3'-carboethoxy-<l,l'- 
biphenyl)-6-carboxylic acid, ethyl ester (7a) is illustra- 
tive: 35 

Diester 6a (0.968 g., 2.95 mmol, 1 equiv.) is dissolved 
under argon in 9.8 nxL of 1,2-dichloroethane. Dimethyl- 
boron bromide (1.16 mL, 11.9 mmol, 4.03 equiv. ) is 
added, the flask is sealed and the mixture allowed to stir 
for 21 hours at ambient temperature. Another 1.16 mL 40 
of dimethylboron bromide is added, and the mixture 
stirred, sealed under argon, for 3 days. The flask is 
cooled to 0* C, and 20 mL of saturated NaHCOa is 
added with caution. The mixture is poured into IN HCl, 
and extracted thrice with EtOAc. The combined ex- 45 
tracts are washed witii brine, dried (N^S04), and evap- 
orated. Chromatography i^g 10% EtOAc/hexane 
yields 2-hydroxy-3'-carboethoxy-(l, l'-biphenyl)-6-car- 
boxylic acid, ethyl ester (7a) (0.659 g., 2.10 mmol, 71%) 
as a yeUow oU: UV^ (CHCI3) 242 nm (e= 10155), 296 50 
nm (€=4591); IH NMR (300 MHz, CDCI3) S 8.09 (dd, 
J=2, 8 Hz, IH, ArH), 7.96 (dd, J =2, 2 Hz, IH, ArH), 
7.57-7.45 (m, 3H, ArH), 7.33 (dd, J=8, 8 Hz, IH, ArH), 
7.14 (dd, J=2, 8 Hz, IH, ArH), 4.98 (br, IH, OH), 4.35 
(q, J = 7 Hz, 2H, CO2CH2), 3.99 (q, J=7 Hz, 2H, 55 
CO2CH2), 1.36 (t, J =7 Hz, 3H, CH2CH3), 0.95 (t, J =7 
Hz, 3H, CH2CH3); 13c NMR (75 MHz, CDCI3) 6 
167.18 (C=0), 166.13 (C=G% 153.18, 135.46, 134.13, 
131.76, 131.25, 130.67, 129.42, 129.16, 129.03, 127.32, 
122.42, 119.19, 61.21, 60.85, 14.30, 13.70; IR (fihn) 3406, 60 
2982, 1718, 1296, 1236, 758 cm-i; MS (DCI) m/e 315 
(MH+), 269 (M— C2H5O). HRMS Calcd for 
CisHigOsNa: 337.1052. Found: 337.1044. 

For 2 -hydroxy-3'-carboethoxy-[l,l '-biphenyl]-6-car- 
boxaldehyde (15a): From aldehyde 4a; scale =70.0 65 
mmol, yield =75%; chromatographed on silica gel 
using EtOAc/CH2Cl2; mp=185°-192° C; XJVmax 
(EtOH) 222 nm (€=22861), 328 nm (€=2822); ^H NMR 


(300 MHz, CDCI3) 8 9.72 (s, IH, CHO), 8.20 (dd, J = 2. 
8 Hz, IH, ArH), 8.06 (d, J = 2 Hz, IH, ArH), 7.67-7.25 
(m, 5H, ArH). 5.04 (s, IH, OH), 4.41 (q, J=7 Hz, 2H, 
CO2CH2), 1.38 (t, J = 7 Hz, 3H, CO2CH2CH3); 
NMR (75 MHz, CDCI3) 8 191.43 (C=0), 165.86 
(C=0), 153.24, 135.06, 134.89, 132,15, 131.62, 130.01, 
129.58, 129.42, 121.25, 120.57, 61.45, 14.29; IR (KBr) 
3200, 1720, 1670, 1580, 1290. 1240 cm-l; MS (DCI) 
m/e 271 (MH+), 253, 225. 

For 2-hydroxy-[l, r-biphenyl]-6-carboxaldehyde 
(15b): From aldehyde 4b; scale = 4.71 mmol, 
yield =70%; chromatographed on silica gel using 
CH2Cl2/hexane, then CH2C12, then 2% 
MeOH/CH2Cl2; mp= 134°-136'' C; UV„«^(EtOH) 224 
nm (€=21634), 208 nm (c= 20800), 260 nm (€=7267), 
328 nm (e=4156); ^H NMR (300 MHz, CDCI3) 8 9.77 
(s, IH, CHO), 7.66 (d, J==8 Hz, IH, ArH), 7.45-7.34 (m, 
6H, ArH), 7.19 (d, J=8 Hz, IH, ArH); l^c NMR (75 
MHz, CDCI3) d 192.04 (C=0), 153.25, 134.76, 131.44, 
131.25, 130.80, 129.43, 129,21. 129,14, 121.04, 119.83; IR 
(KBr) 3200, 1660, 1600, 1580, 1280, 1220 cm- 1; MS 
(DCI) m/e 199 (MH+), 181 (M~OH). Anal. Calcd for 
C13H10O2: C, 78.77; H, 5.08. Found: C, 78.48; H, 5.04. 

For 2-hydroxy-3'-trifluoromethyl-[l, 1 '-biphenyl]-6- 
carboxaldehyde (15c): From aldehyde 4c; scale =2.0 
mmol, yield =50%; chromatographed on sihca gel 
using CH2Cl2hexane, then CH2CI2, then 2% 
MeOH/CH2Cl2; mp= 157"-158'' C; UV«ax(EtOH) 226 
nm (€==16912), 326 nm (|=4079); ^H NMR (300 MHz, 
CDCI3) S 9.60 (s, IH, CHO), 7.65-7.11 (m, 7H, ArH); 
13C NMR (75 MHz, CDCI3) 6 191.30 (C=0), 153.18, 
134.89, 134.18, 133,00, 131-30 (d, J ^c-/=^9 Hz), 129.82, 
129.73, 129.37, 127.50 (d, J ^e-/=^ Hz), 125.79 (d, J V 
=4 Hz), 123.98 (q, J ^c-/^27S Hz), 121.42, 120.97; IR 
(KBr) 3220, 1660, 1580, 1330, 1285, UIO cm-i; MS 
(DCI) m/e 267 (MH+). Anal. Calcd for 
C14H9F3O2.O.25 H2O: C, 62.22; H, 3.54. Found: C, 
62.32; H, 3.30. 

Example 7: General Procedure for Hydrolysis of Esters 

The synthesis of (E)-[2-(5,6,7,8-tetrahydro-5,5,8,8-tet- 
ramethyl-2-naphthalenyI)-l-propenyl]-[l,r-biphenyl]- 
6,3'-dicarboxylic acid (11) is representative: 

6-Carboethoxy-2-[(E)-2-[(5,5,8,8-tetramethyl-5,6,7,8- 
tetrahydro)-2-naphthalenyl]-l-propenyl]-3'-carboe- 
thoxy-[l,l'4ripheiiyl](10a) (0.189 g., 0.361 mmol, 1 
equiv.) is dissolved in 3.1 mL of MeOH, 3.1 mL of 2N 
NaOH, and 4 mL of THF. The mixture is heated to 
reflux for two hours. The solution is allowed to cool to 
room temperature, and then acidified to pH 2 with IN 
HCl. The material is extracted thrice with chloroform, 
and the extracts are washed with brine, dried (MgS04), 
and evaporated. Reverse-phase chromatography on 
C-18 silica gel with 90% MeOH/HzO as eluent afforded 
(E)-[2-(5,6,7,8-tetrahydro-5,5,8,8-tetramethyl-2-naph- 
thalenyl)- 1 -propenyl]-[l, 1 '-biphenyI]-6, 3'-dicarboxyHc 
acid (11) (0.149 g., 0.318 mmol, 88%) as a white solid: 
UV„«c(EtOH) 212 nm (€==29622), 276 nm (€=12314); 
IH NMR (300 MHz, CD3OD) S 8.02 (ddd, J=2, 2, 8 
Hz, IH, ArH), 7.89 (s, IH, ArH), 7.79 (d, J=8 Hz. IH, 
ArH), 7.59 (d, J=8 Hz, IH, ArH), 7.49 (m, 2H, ArH), 
7.42 (ddd, J=2, 2, 8 Hz, IH, ArH), 7.18 (d, J=8 Hz, IH, 
ArH), 6.95 (m, 2H, ArH ), 6.20 (s, IH, C=CH), 2.08 (s, 
3H, CH3), 1.64 (s, 4H, CH2CH2), 1.22 (s, 6H, 2XCH3), 
1.14 (s, 6H, 2XCH3); 13C NMR (75 MHz, CD3OD) 8 
169.78 (C==0), 145.57, 144.93, 141.99, 141.88, 141.78, 
139.76, 139.23, 135.11, 133.84, 131.96, 131.50, 129.42, 
128.98, 128.36, 127.33, 126.82, 124.90, 124.33, 36.28, 
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36.18, 35.13, 34.95, 32.25, 32.16, 17.56; IR (KBr) 3510, 
2956, 2924, 1694, 1408, 1300, 1250, 758 cm-h MS 
(DCI) m/e 469 (MH+), 451 (M— OH). Anal. Calcd for 
C31H32O4: C, 79.46; H, 6-88. Found: C, 79.24; H, 6.99. 

For 2-[(3,4-bisdecyloxy)phenyl]methoxy-[l, r- 

biplienyl]-6,3'-dicarboxylic acid (14a): From ether 13a; 
scale=0.43 mmol, yields 54%; recrystallized from 
CHCb/pentaue; mp= 102'"-104" C; JJVmax {CHCI3) 
242 nm (c= 19060), 286 mn (e=6543); »H NMR (300 


1080. 758, 694 cm-l; MS (DCI) m/e 521 (MH+), 503 
(M— OH), Anal. Calcd for C31H36O7.O.4 H2O: C, 70.54; 
H, 7.03. Found: C, 70.52; H, 6.86, 

For 2-[(3,4-biscyclopentyloxy) phenyl]methoxy-[l,l 
'biphenyl]-6,3'-dicarboxylic acid (14d): From ether 13d; 
scale=0.31 mmol, yield =48%; recrystallized from 
CH2Cl2/pentane; mp= 178*--180* C; UV^ax (CHCI3) 
242 nm (e=48261), 284 nm (€16536); iH NMR (300 
MHz, CDCI3) S 8.01 (ddd, J=2, 2, 8 Hz, IH, ArH), 7.90 


MHz, CDCI3) 6 8.02 (ddd, J=2, 2, 8 Hz, IH, ArH), 7.90 10 (dd, J = 2, 2 Hz, IH, ArH), 7.59 (m, 2H, ArH), 7.44 (dd, 
(dd. J=2, 2 Hz, IH, ArH), 7.60 (m, 2H, ArH), 7.44 (dd, J=8, 8 Hz, IH, ArH), 7.38 (dd, J=8, 8 Hz, IH, ArH), 
J=8, 8 Hz, IH. ArH), 7,38 (dd, J«8, 8 Hz, IH, ArH), 7.18 (d, J=8 Hz, IH, ArH), 6.74 (d, J=8 Hz, IH, ArH), 
7.18 (d, J=8 Hz, IH, ArH), 6.73 (d, J=8 Hz, IH, ArH), 6.63 (dd, J=2, 8 Hz, IH, ArH), 6.58 (d, J=2 Hz. IH, 
6.62 (dd, J=2, 8 Hz, IH, ArH), 6.56 (d, J=2 Hz, IH, ArH), 4.90 (s, 2H, ArCH20), 4.66 (m, IH, R2CHOR), 
ArH), 4.90 (s, 2H, ArCHiO), 3.91 (t, J = 7 Hz, 2H, 15 4,50 (m, IH, RaCHOR)^ ^80-1.50 (m, 16H, cycloalkyi); 
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RCH2O), 3.74 (t, J = 7 Hz, 2H, RCH2O), 1.74 (m, 4H, 
RCH2CH2O), 1.41 (m, 4H, decyl), 1.24 (m, 20H, decyl), 
0.85 (m, 6H, 2XCH3); NMR (75 MHz. CDCI3) S 
173.40 (C=0), 172.29 (C=0), 156.09, 149.23, 148.59. 
139.40, 137.23, 135.90, 131.47, 131.37, 130.92, 129.01, 
128.98, 128,00, 123.50, 119.01, 117.21, 113,53, 112.05, 
70.65, 69.33, 68.97, 31.91, 29.62, 29.47, 29.43, 29.37, 
29.28, 26.08, 26.01, 22.69, 14.11; IR (film) 2924, 2854, 
1694, 1514, 1468, 1262 cm~h MS (FAB) m/e 683 
(MNa+). Anal. Calcd for C41H56O7: C, 74.51; H, 8.54. 25 
Found: C, 74.77; H, 8.52. 

For 2-[3,4-bis(3-methyl-2-butenyloxy)phenyl]me- 
thoxy-[l,r-biphenyl]-6,3'-dicarboxylic acid (14b): From 
ether 13b; scale=0.16 mmol, yield=76%; chromato- 
graphed on C-18 silica gel using MeOH/water; 
mp= 145" C. (dec); UV,ma(CHCl3) 242 ma (€=20264), 
286 nm (€6689); NMR (300 MHz, CDCI3) 88.02 
(ddd, J=2, 2, 8 Hz, IH, ArH), 7.89 (dd, J=2, 2 Hz, IH, 
ArH), 7.59 (m, 2H, ArH), 7.44 (dd, J =8, 8 Hz, IH, 
ArH), 7.37 (dd, J-8, 8 Hz, IH, ArH), 7.18 (dd, J=2, 8 
Hz. IH. ArH), 6.74 (d. J:»8 Hz. IH. ArH), 6.43 (dd, 
J«2, 8 Hz. IH, ArH), 6.00 (bs, IH, ArH), 5.44 (m, 2H, 
C=CH), 4.91 (s, 2H, ArCHiO), 4.50 (d, J=7 Hz, 2H, 
C=CHCH20), 4.34 (d, J =7 Hz, 2H, C=x::HCH20), 
1.72 (s, 6H, 2XCH3), 1.66 (s, 3H, CH3), 1.65 (s, 3H, 
CH3); l^C NMR (75 MHz, CDCI3) 6 173.41 (C=0), 
172.29 (0=^), 156.09, 148.90, 148.32. 137.61. 132.19, 
137.09, 134.44, 131.62, 131.42, 130.94, 129.00, 128.92, 
128.82, 127.66, 123.06, 120.25, 119.79, 119.09, 117.26. 


13C NMR (75 MHz, CDCI3) 6173,37 (C=0), 172.25 
(0=^), 156.08, 148.96, 148.45, 137.20, 135.46, 131.48, 

131.44, 130.94, 129.18, 128.98, 128.87, 126.68, 122.95, 
119.37, 117.13, 116.52, 115.18, 81.12, 80.86, 70.62, 32.76, 
32.71, 23.89, 23.84; IR (KBr) 3422, 2962, 2872, 1690, 
1508, 1304, 1262 cm-1; MS (DCI) m/e 517 (MH+), 499 
(M— OH). Anal. Calcd for C3iH3207: C, 72.08; H, 6.24. 
Found: C 71.99; H, 6.23. 

For 2-[(3-hydroxy-4-pentyloxy)phenyl]methoxy-[I,l 
'-biphenyl]-6-carboxylic acid (14e): From acid 14f (see 
Example 4); scale =0.50 mmol, yield =52%; triturated 
with ether/hexane; mp=96'-97° C; ITVmax (EtOH) 
208 mn (e =41870), 286 nm (€5608); ^H NMR (300 
MHz, CDCI3) 6 7.54 (d, J=8 Hz. IH, ArH), 7.43-7,30 
30 (ra, 6H, ArH), 7.14 (d, J=8 Hz, IH, ArH), 6.75 (s, IH, 
ArH). 6.72 (d, J=8 Hz, IH, ArH), 6.61 (dd, J=2, 8 Hz, 
IH, ArH), 4.92 (s, 2H, ArCH20), 3.40 (t, 2H. OCH2R). 
1.80-0-91 (m, 9H. pentyl); NMR (75 MHz, CDCI3) 
8 172.22 (C=0), 156.06, 145.67, 145.45, 136.37, 132.69. 
131.64, 129.75, 129.57, 128.26, 127.71, 127.16, 122.68, 

118.45, 117.27, 113.10, 111.33, 70.53, 68.96, 28.89, 28.13, 
22.42, 14.00; IR (KBr) 3527 (OH), 2930, 2955 1690 
(C=0), 1510, 1450, 1270, 1230 cm- J; MS (DCI) m/e 
406 (M+), 389 (M— OH). Anal. Calcd for C2SH26O5: C 

40 73.69; H, 6.68. Found: C, 73.54; H, 6.41. 

For 2-[4-(l-adamantyl)-3-metlioxyphenyl]methoxy- 
[l,l,-biphenyl]-6,3'-dicarboxylic acid (14h): From ether 
13fa; scale=0.55 mmol, yield=51%; recrystallized from 
ether/CH2Cl2: mp=245'-250' C.; UVi^<EtOH> 206 


35 


113.67. 112.24, 70.71, 66.03, 65.70, 25.80, 18.20, 18.17; 45 mn €^49943), 282 nm (€=5808); ^H NMR (300 MHz, 


IR (KBr) 3400, 1690, 1510, 1430, 1300, 1255, 1220, 1130, 
1000, 755 cm- 1; MS (DCI) m/e 517 (MH+), 431 (M- 
C5H9O). Anal. Calcd for C31H32O7.O.8 H2O: C, 70.14; 
H, 6.38. Found: Q 70.13; H. 6.17. 


CDCI3) S 7.53 (d, J=8 Hz, IH, ArH), 7.38-7.27 (m, 5H, 
ArH). 7.16 (d, J=8 Hz, IH, ArH). 7.07 (d, J = 8 Hz, IH, 
ArH), 6.67 (d, J = 8 Hz, IH, ArH), 6.53 (s, IH, ArH), 
4.96 (s, 2H, ArCH20), 3.91 (s, 3H, CH3O), 2.02 (s, 9H, 


For 


2-[(3,4-bispentyloxy)phenyl]methoxy-[l,l'- 50 adamantyl), 1.73 (s, 6H, adamantyl); ^^C NMR (75 


biphenyl]-6,3'-dicarboxylic acid (14c): From ether 13c; 
scale =0.20 mmol, yield =57%; recrystallized from 
CH2Cl2/pentane; mp=202*-203° (dec); UVmax 
(EtOH) 208 nm (e= 35722), 284 nm (€=5099); ^H NMR 
(300 MHz, CDCI3) 6 8.01 (d, J=8 Hz, IH, ArH), 7.90 35 
(s, IH, ArH), 7.59 (m, 2H, ArH), 7.43 (dd, J=8, 8 Hz, 
IH, ArH), 7,37 (dd. J=8, 8 Hz, IH. ArH), 7.17 (d, J=8 
Hz, IH, ArH), 6.73 (d, J=8 Hz, IH, ArH), 6.62 (dd, 
J =2, 8 Hz, IH, ArH), 6.56 (d, J =2 Hz, IH, ArH), 4.90 
(s, 2H, ArCHiO). 3.91 (t, 3=7 Hz, 2H, RCH2O), 3.74 (t, 
J=7 Hz, 2H, RCH2O), 1.74 (m. 4H, RCH2CH2O), 
1.48-1.28 (m, 8H, pentyl). 0.89 (m. 6H, 2XCH3); 
NMR (75 MHz, CDOs) S 173.47 (C=0). 172.40 
(C=0), 156.20, 149.35, 148.70, 137.35, 135.55, 131.77, 
131.07, 129.14, 128.93, 127.76, 123.15, 119.16, 117.33, 
113.63. 112,17, 70.77. 69.42, 69.08, 29.07, 29.03, 28.35, 
28.30, 22.58, 14.15; IR (KBr) 3400, 2956, 2932, 2870, 
1692, 1516. 1468, 1432, 1302, 1262, 1170. 1136, 1108, 


MHz, CDCI3) 67 158.90 (C==0), 156.15 (C=0), 137.79, 
136.58, 135.34, 132.61, 129.58, 128.41, 127.71. 127.07, 
126.30, 122.66, 118,11. 116.77, 109,64, 70.28, 54.95, 
40.51, 37.09, 36.70, 29.04; IR (KBr) 3420 (OH), 2905, 
1690 (0=0), 1585, 1410, 1268 cm-i; MS (DCI) m/e 
513 CMH+), 512 (M+), 495 (M— OH), 255. Anal. Calcd 
for C32H32O6: C, 72.44; H, 6.45. Found: C, 72.74; H, 
6.27. 

For 2-(5 , 6,7, 8-tetrahydro-5,5, 8, 8-tetramethyl-2-naph- 
60 thalenyl)methoxy-[ 1 , 1 '-biphenyl]-6,3'-dicarboxylic acid 
(14m): From acid 142; scale =0.2 12 mmol, yield =74%; 
chromatographed on C-18 silica gel using MeOH/wa- 
ter, then recrystallized from CHCI3/ pentane; 
mp=239"-242° C; UV„,ax(EtOH) 214 mn (e=44121), 
65 290 nm (e = 3263); IH NMR (300 MHz, CD3OD) 8 7.98 
(ddd, J=2, 2, 8 Hz, IH, ArH), 7.96 (dd, J=2, 2 Hz, IH, 
ArH), 7.49-7.38 (m, 4H. ArH), 7,31 (dd. J=2, 8 Hz, IH, 
ArH), 7.18 (d. J=8 Hz. IH, ArH). 7.04 (d. J=2 Hz, IH, 
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ArH), 6.92 (dd, J«2, 8 Hz, IH, ArH), 4.98 (s, 2H, ArC- IH, CHO), 7.38 (dd, J=2, 8 Hz, IH, ArH), 7.36 (d, J=2 

H2O), 1.63 (s, 4H, CH2CH2), 1.21 (s, 6H, 2XCH3), 1.11 Hz, IH, ArH), 6.92 (d, J = 8 Hz, IH, ArH), 4.04 (t, J=7 

(s, 6H, 2XCH3); NMR (75 MHz, CDsOD) S 171.48 Hz, 2H, RCH2O), 4.02 (t, J = 7 Hz, 2H, RCH2O), 1.83 

<0=0), 169.98 (Ci=0), 157.45, 145.88, 145.17, 139.00, (m, 4H, RCH2CH2O), 1.43 (m, 8H, pentyl), 0.90 (t, 6H, 

135.59, 135.09, 132.35, 131.96, 131.34, 129.92, 129.34, 5 2XCH3); l^C NMR (75 MHz, CDCI3) 5 190.99 (C=0), 

128.77, 127.45, 125.83, 125.15. 122.77, 117.09, 71.49, 154.65. 149.40, 129.84, 126.61, 111.68, 110.84, 69.08. 

36,20, 36.17, 35.12, 34.98, 32.24; IR (KBr) 3422, 2956, 28.74, 28.65, 28.16^ 28.12, 22.42, 14.0^ IR (film) 2956, 

2922, 1690, 1598, 1576, 1452, 1412, 1312, 1284, 1262, 2934, 2858, 1688, 1674, 1596, 1586. 1510, 1466, 1438. 

1064cm-i;MS(DCI)m/e459(MH+).441 (M— OH), 1274, 1238, 1134, 808 cm-i; MS (DCI) m/e 279 

201 (C15H21+). Anal. Calcd for C29H30O3.O-75 H2O: C, 10 (MH+). Anal. Calcd for C17H26O3: C, 73,35; H, 9.41. 

73.78; H, 6.72. Found: C, 73.65; H, 6.42. Found: C, 73.61; H, 9.40. 

— .-^ - For 3,4-bis (cyclopentyloxy) faenzaldehyde: sca- 

Example 8: General Procedure for the Synthesis of ie=l7.6 mmol, yield-81%; chromatographed using 

Alcohols 12a-d EtOAc/hexane; UV^ (CHCI3) 280 mn (el 1301), 242 

A. General Procedure for the Synthesis of EHalkox- 15 nm (€9509), 312 nm (c=9089); ^H NMR (300 MHz, 

ybenzaldehydes CDOa) S 9.79 (s, IH, CHO), 7.38 (dd, J=2, 8 Hz, IH, 

The synthesis of 3,4-didecyloxybenzaldehyde is illus- ArH), 7.36 (d, J = 2 Hz, IH, ArH), 6.92 (dd, J = 2, 8 Hz, 

trative: IH, ArH), 4.80 (m, 2H, R2CHOR), 1.90-1.77 (m, 12H, 

3,4-Dihydroxybenzaldehyde (10 g., 72.4 mmol, 1 cycloalkyl), 1.63-1.56 (m, 4H, cycloalkyl); 13C NMR 

eqoiv.) is dissolved in 150 mL of acetone. l-Bromodeo- 20 (75 MHz, CDCI3) S 191.02 (C=0), 154.73, 148.95. 

ane (45.1 mL, 0.217 mol, 3 equiv.) is added, followed by 129.71, 126.29, 114.24. 1 13.99, 81.06. 80.79, 32.86, 32.72, 

K2CO3 (10 g., 72.4 mmol, 1 equiv.), and the mixture 24.01, 23.88; IR (film) 2962, 2872, 1690, 1594, 1580, 

heated to reflux for 24 hrs. At this time the reaction was 1504, 1434, 1264, 1236, 1 160, 1 130, 984, 868 cm- i; MS 

incomplete, and another 10 grams of K2CO3 was added (OCX) m/e 275 (MH+). Anal. Calcd for C17H22O3: C, 

and heating continued for 24 hours. The mixture is 25 74.42; H, 8.08. Found: C, 74,48; H, 8.12. 

allowed to cool to room temperature, and is partitioned B. General Procedure for Reduction of Benzaldehydes 

between ether and. water.- The aqueous layer is ex- 3,4-E>idecyloxybenzaldehyde (6.78 g., 16,2 mmol, 1 

tracted dirice with ether, and the combined organic equiv.) is dissolved in 44 mL of methanol and 20 mL of 

phases are washed with brine, dried (MgS04). and THF. Sodium borohydride (0.613 g., 16.2 mmol, 1 

evaporated. Upon evaporation, tan crystals formed, and 30 equiv.) is added in portions. The mixture is stirred for 30 

these were collected. Fiuther evaporation yielded an- minutes at room temperature. The solution is poured 

other crop of crystals. A total of 16 grams of 3,4- into saturated ammonium chloride solution, and then 

didecyloxybenzakiehyde (38.3 mmol, 53%) was ob- extracted twice with BtOAc. The organic extracts are 

tained (for an alternative synthesis of this compound see washed with brine, dried (Mg504), and evaporated. 

Strzclecka, H.; et al. Mol. Cryst Liq. Cryst 1988, 156 35 Chromatography on silica gel using 10%-20% 

(Part A), 347): rap = 59.5*-60-5° C; UVmflx(EtOH) 232 EtOAc/hexane affords 3,4-didecyloxybenzyl alcohol 

nm (€ = 15472), 276 nm (£=11079), 206 nm (€ = 9806), (12a) (5.71 g., 13.6 mmol, 84%) as a clear oil: 

310 nm (€=9273); IH NMR (300 MHz, CDCI3) 8 9.81 mp = 41'-42.5' C; UV;,:^^ (EtOH) 206 nm (£=19085), 

(s, IH, CHO), 7.39 (dd, J=2, 8 Hz, IH, ArH), 7.37 (d, 232 nm (€=5340), 280 nm (€=2239); iH NMR (300 

J=2Hz, IH, ArH),6.93(d, J=8Hz, IH, ArH), 4.04 (m, 40 MHz, CDCI3) 6 6.90 (s. IH, ArH), 6.83 (s, IH, ArH), 

4H. RCH2O), 1.83 (m, 4H, RCH2CH2O), 1.46 (m, 4H, 6.83 (s, IH, ArH), 4.58 (d, J=6 Hz, 2H, AiCUjOH), 

decyl), 1.25 (m, 24H, decyl), 0.86 (m, 6H, 2XCH3); "C 3.96 (m, 4H, RCH2O). 1.79 (m, 4H, RCH2CH2O), 1,58 

NMR (75 MHz, CDCI3) 6 190.98 (C=0), 154,68, (t, J=6 Hz, IH, OH), 1.44 (m, 4H, decyl), 1.25 (m, 24H, 

149.44, 129.87, 126,57, 111,76, 110.97, 69.13, 31,90, decyl), 0,86 (m, 6H, 2XCH3); "C NMR (75 MHz, 

29.57, 29.34, 29.07, 28.98, 25.97, 25.94, 22.68, 14.10; IR 45 CDCI3) S 149.34, 148.72, 133.68, 119.58, 113.83. 112.95, 

(KBr) 2956, 2922, 285a 1688. 1674, 1596, 1586, 1510, 69.42, 69.21, 65.41, 31.92. 29.64, 29.59, 29.43, 29-36, 

1278, 1134, 808 cm-l; MS (DCI) m/e 419 (MH+). 29.30, 26.04, 22.69, 14,12; IR (KBr) 3346, 2956, 2922, 

Anal. Calcd for C27H46O3: C, 77.46; H, 11.07. Found: 2850, 1520, 1468, 1262, 1236, 1138 m-'; MS (DCI) m/e 

C, 77.19; H, 10.99. 421 (MH+), 403 (M— OH). Anal. Calcd for C27H48O3: 

For 3,4-bis (3-methyl-2-butenyloxy)benzaldehyde: 50 C, 77.09; H, 11.50. Found: C, 77.26; H, 11.61. 

scale =6.75 mmol, yield — 80%; chromatographed using For 3,4-bis(3-methyl-2-butenyloxy)benzyl alcohol 

EtOAc/hexane; JJVmax (CHCI3) 280 nm (€=11088), (12b): scale=5.47 mmol, yield = 84%; chromato- 

312 mn (c=9626), 240 nm (€=7701); ^H NMR (300 graphed using EtOAc/hexane; UV^w (CHCI3) 242 nm 

MHz, CDCI3) S 9.80 (s, IH, CHO), 7.38 (m, 2H, ArH), (c=7198), 282 nm (€=2881); ^H NMR (300 MHz, 

6.93 (m, IH, ArH), 5.47 (m, 2H, 0=CH), 4.65 (d, J=6 55 CDCI3) S 6.93 (s, IH, ArH), 6.85 (s, IH, ArH), 6.85 (s, 

Hz, 2H, RCH2O), 4.61 (d, 3=6 Hz, 2H, RCH2O), 1.75 IH, ArH), 5.50 (m, 2H, C=CH), 4.59 (d, J = 6 Hz. 2H, 

(s, 6H, 2XCH3), 1.72 (s, 6H, 2XCH3); '^C NMR (75 RCH2O), 4.58 (s, 2H, ArCH20), 4.57 (d, J=6 Hz, 2H, 

MHz, CDCis) fi 190.97 (C=0), 154.32, 149.11, 138.04, RCH2O), 1.76 (s, 6H, 2XCH3), 1.72 (s, 6H, 2XCH3); 

137.98, 129,83, 126.51, 119.43, 119.28, 112.04, 111.11. "C NMR (75 MHz, CDCh) S 149.03. 148.39, 137.25, 

66.02. 65.93, 25,82, 25-79, 18.32, 18.29; IR (film) 2976, 60 137.12, 133.68, 120.30, 120.16, 119.55, 113.94, 113.03, 

2932, 2916, 1684, 1584, 1506, 1436, 1260, 1230, 1132, 66.11, 65.94, 65.38, 25,80, 18.23; IR (film) 3406, 2974, 

1004 cm-i; MS (DCI) m/e 275 (MH+). Anal. Calcd for 2916, 2870, 1606, 1590, 1512, 1428, 1384, 1256, 1226, 

C17H22O3: C, 74.42; H, 8.08. Found: C, 74.41; H, 8.16. 1134, 1004 cm-i; MS (DCI) m/e 276 (MH+), 259 

For 3,4-bis (pentyloxy)benzaldehyde: scale= 108.6 (M— OH). Anal. Calcd for C17H24O3: C, 73.88; H, 8.75. 

mmol, yield =100%; crystals from evaporation of ether 65 Found: C, 73.50; H, 8.81. 

extracts; mp=3r-32.5'' C; UVmax (EtOH) 232 nm For 3,4-bis (pentyloxy)benzyl alcohol (12c): scale 

(€=15569), 276 mn (€=10907), 208 imi (€=10783), 310 =16.1 mmol, yield=87%; chromatographed using 

nm (€=9079); IH NMR (300 MHz, CDCI3) S 9.79 (s, EtOAc/hexane; UV„ax(EtOH) 206 nm (e= 18552), 230 
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nm (€ =6802), 280 ran (c=1983); »H NMR (300 MHz, IR (KBr) 2950, 1750, 1680, 1600, 1580, 1510, 1230, 1250 

CDCI3) d 6.88 (s, IH, ArH), 6.82 (s, IH, ArH), 6.82 (s, cm-»; MS (DCI) m/e 251 (MH+). Anal. Calcd for 

IH, ArH), 4.56 (d. J = 3 Hz, 2H, ArCHaO), 3.97 (t, J = 7 C14H18O4: C, 67.20; H, 7.20. Found: C, 66.92; H, 7,62. 

Hz, 2H, RCH2O), 3.96 (t, J =7 Hz, 2H, RCH2O), 1.78 3-Acetoxy-4-pentyloxy-benzaldehyde (0.75 g., 3.0 

(m, 4H, RCH2CH2O), 1.40 (m, 8H, pentyl), 0.91 (t, J=7 5 mmol, 1 equiv.) is dissolved in 15 mL of MeOH, and the 

Hz, 6H, 2XCH3); 13C NMR (75 MHz, CDCI3) S 149.31, mixture cooled to 0* C. Sodium borohydride (0.230 g., 

148.68, 133.75, 119.56, 113.82, 112.94, 69.40, 69.19, 6 ramol,, 2 equiv.) is added in portions. After stirring for 

65.32, 28,99, 28.21, 22.48, 14.05; IR (film) 3354, 2956, 30 min., the mixture is neutralized with IN HCl, and 

2934, 2872, 1608, 1590, 1514, 1468, 1428, 1264, 1234, then extracted thrice with ether. The extracts are 

1136, 1026, 806 cm- 1; MS (DCI) m/e 281 (MH+), 263 10 washed with brine, dried (MgSO*), and evaporated. 

(M— OH). Anal. Calcd for Ci7H2803:C, 72.8^ H, 10.06. Chromatography on sihca gel using CH2Cl2/hexane 

Found: C, 72.79; H, 10.06. affords 3-acetoxy-4-pentyloxy-benzyl alcohol (12f) 

For 3,4-bis(cyclopentyloxy)benzyl alcohol (12d): (0.680 g., 2.70 mmol., 90%): mp=35--36' C; ^H NMR 

scale= 15,0 mmol, yield=91%; chromatographed using (300 MHz, CDCls) 6 7.17 (dd, J=2, 8 Hz, IH, ArH), 

EtOAc/hexane; IH NMR (300 MHz, CDCI3) S 6.89 (s, 15 7.05 (d, J=2 Hz, IH, ArH). 6,92 (d, J=8 Hz, IH, ArH), 

IH, ArH), 6.84 (d, J=7 Hz, IH, ArH), 6.81 (d, J=7 Hz, 4.85 (s, IH, OH), 4.60 (s, 2H, ArCH20), 3,95 (t, J = 7 

IH. ArH), 4.72 (m, 2H, 2XR2CHOR), 4.56 (s, 2H, ArC- Hz, 2H, OCH2R), 2.30 (s, 3H, CH3CO), 1.75 (m, 2H, 

H2O), 1.88-1.51 (m, 16H, cyclopentyl); J^c NMR (75 OCH2CH2). 1.38 (m, 4H, CT2CH2CH3), 0.90 (t. J^7 

MHz, CDCI3) 6 149.08, 148.50, 133.98. 119.89. 116.92, Hz, 3H, RCH2CH3). 

C17H24O3: C, 73.88; H, 8.75. Found: C, 73.78; H, S.75. ™ 

A. Synthesis of 12 g 

Example 9: Procedure for the Synthesis of Alcohol 12f 4-(l-Adamantyl)-3-methoxybenzaldehyde was 6b- 

3,4-Dihydroxybenzaldehyde (5 g., 36.2 mmol, 1 25 tained via the following three-step procedure, 
equiv.) is dissolved in 80 mL of acetone. n-Pentytbro- 3-Iodophenol was treated with l-adamantanol and 
mide (4.49 mL, 36.2 mmol, 1 equiv.) is added, followed sulfuric acid in methylene chloride following the gen- 
by anhydrous potassium carbonate (5 g., 36.2 mmol, 1 eral procedure of Shreet et al. U.S. Pat. No. 4,717,720, 
equiv.). TTie mixture is stirred at room temperature for 1/1988. This gave, without recrystallization, pure 2- 
3 days, and tiben poured into half-saturated ammonium 30 adamantyl-5-iodophenol: scale=114 mmol. 
chloride solution. The mixture is extracted thrice with yield=91%; ^H NMR (300 MHz. DMSO-de) 8 7.08 (d, 
ether, and the extracts are washed with brine, dried J=2 Hz, 1 H, ArH), 7.04 (dd, J = 2, 8 Hz, 1 H, ArH), 
(MgS04), and evaporated. Chromatography on silica 6.80 (d, J=8 Hz, 1 H, ArH), 3.36 (s, 1 H, OH), 1.99 (s, 
gel using EtOAc/hexane affords 3-hydroxy-4-pen- 9 H, adamantyl), and 1.68 (s, 6 H, adamantyl); i3C NMR 
tyloxy-benzaldehyde (0.820 g.. 3.94 mmol, 11%): 35 (75 MHz, CDCI3) S 157.26, 135.66, 128.32, 127.54, 
mp^SS'-Se- C; UV«« (EtOH) 208 nm (6=24443). 124.50, 91.23. 39,61, 36.56, 36.12, and 28.32; IR (KBr) 
232 nm (c=23049), 272 ran (e= 16105). 312 mn 3480 (OH), 2900, 2845, 1490, 1395, 1210, and 875 cm~l; 
(€= 13140); IH NMR (300 MHz, CDCI3) S 9.80 (s, IH, MS (DCI) m/e 355 (MH+), 354 CM+), 353 (M— H>+, 
CHO), 7.42-7.24 (m, 2H, ArH), 6.94 (d, J=8 Hz, IH, 135 (C10H15+). Anal. Calcd for C16H19OI: C. 54.25; H. 
ArH), 5.82 (s, IH, OH), 4.10 (t, J = 7 Hz, 2H, OCH2R), 40 5.41. Found: C, 54-32; H, 5,37. 

1.88-1.79 (m, 2H, OCH2CH2R), 1.49-1.31 (m, 4H, pen- A solution of 2-adamantyl-5-iodophenol (7.70 g, 21.7 

tyl), 0.92 (t, J=7 Hz, 3H, RCH3); i^c NMR (75 MHz, mmol) in acetone (100 mL) was treated with dimethyl- 
CDCl3)6 191.06 (C=0), 151.30, 146.16, 130.40, 124.55, sulfate (4.11 g, 32.6 mmol) and potassium carbonate 
113.99, 110.84, 69.27, 28.67. 28.04, 22.39, 13.97; IR (4.50 g, 32.6 nmiol). The reaction mixture was stfered at 
(KBr) 3400, 2950, 1680, 1600, 1580, 1280, 1250 cm— 45 reflux for 24 h, allowed to cool to room temperature, 
MS (DCI) m/e 209 (MH+). Anal. Calcd for C12H16O3: and concentrated in vacuo. The crude product was 
C, 69.23; H, 7.69. Found: C, 69.09; H, 7.65. partitioned between methylene chloride and water. The 

3-Hydroxy-4-pentyloxy-benzaldehyde (0.750 g., 3.6 organic phase was dried over anhydrous magnesium 
mmol, 1 equiv. ) is dissolved in 10 mL of methylene sulfate, filtered, and concentrated to provide 6.5 g 
chloride. Diisopropyl ethyl amine (0.840 g., 6.5 mmol, 50 (81%) of 2-adamantyl-5-iodoanisole; ^H NMR (300 
1.8 equiv, ) is then added, and the mixture is cooled to MHz, CDCI3) 6 7.22 (dd, J =2, 8 Hz, IH, ArH). 7. 10 (d, 
0" C. Acetyl chloride (0.340 g., 4.32 mmol, 1.2 equiv. ) J=2 Hz, IH, ArH), 6.89 (d, J=8 Hz, IH. ArH), 3.79 (s, 
dissolved in 2 mL of methylene chloride is added 3H, OCH3), 2.02 (s, 9H, adamantyl), and 1.73 (s, 6H, 
slowly, and the reaction is stirred at 0" C. for 20 min., adamantyl); i^c NMR (75 MHz, CDCI3) S 159,35, 
followed by stirring 30 mm. at room temperature. The 55 138.43, 129.63, 128.25, 120.75, 91.20, 55.22 (OCH3), 
mixture is diluted with ether, and washed twice with 40.35, 37.02, 36.92, and 28.97; MS (DCI) m/e 369 
water, dilute HCl, then brine. The organic phase is Ok<IH+), 368^+), 367 (M—H)+, 135 (C10H13+). Anal, 
dried (MgS04), and evaporated. Trituration with ether Calcd for C17H21OI: C, 55.45; H, 5.75. Found: C, 55.51; 
affords 3-acetoxy-4-pentyloxy-ben2aldehyde (0.750 g., H, 5.81, 

3.0 mmol, 83%) as a white solid: XJVmaj:(EtOH) 232 nm 60 A solution of 2-adamantyl-5-iodoamsole (1.29 g, 3.51 
(£=17514), 276 nm (€=12951), 208 nm (c= 10508), 314 mmol) in anhydrous THF (50 mL) was cooled to —78" 
nm (€= 10472); IH NMR (300 MHz, CDCI3) S 9.85 (s, C. under argon and treated with t-butyllithium solution 
IH, CHO), 7.45-7.40 (m, 2H, ArH), 6.95 (d, J=8 Hz. (4.34 mL, 1.7 M in pentane, 7.37 nmiol). The reaction 
IH, ArH), 4.15 (t, J=7 Hz, 2H, OCH2R), 2.03 (s, 3H, mbcture was stirred at —78° C, for 20 min. and then 
CH3CO), 1.90-1.85 (m, 2H, OCH2CH2R), 1.57-1.40 (m, 65 treated with anhydrous N,N-dimethylformamide (0.28 
4H. pentyl), 0.95 (t, J=7 Hz, 3H, RCH3); "C NMR (75 g, 3.86 mmol). The reaction mixture was allowed to 
MHz, CDCis) 6 191.07 (C=0), 151.31, 146.17, 130.39, warm to room temperature, and was poured into a 
124,56, 113.99, 1 10.85, 69.27, 28.67, 28.04, 22.38, 13.96; separatory funnel oontaining diethyl ether and saturated 
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aramomum chloride solution. The layers were agitated 
and separated, and the organic layer was washed with 
saturated sodium chloride solution, dried over anhy- 
drous magnesium sulfate, filtered, and concentrated. 
The crude product was purified by column chromatog- 5 
raphy on silica gel (elution with 1:1 methylene chlori- 
de/hexanes) to afford 0.38 g (43% yield) of 4-(l- 
Adamantyl)-3-methoxybenzaIdehyde as a white solid; 
IH NMR (300 MHz, CDCI3) 5 9.92 (s, IH, CHO), 7.37 
(m, 3H, AtH), 3.88 (s, 3H, OCH3), 2,08 (s, 9H, adaman- 10 
tyl), and 1.76 (s, 6H, adamantyl); 13C NMR (75 MHz, 
CDCl3)8 192.04(0=0), 159.38, 146.00, 135.36, 127.06, 
124.45, 109.54, 55.09 (OCH3), 40.15, 37.79, 36.95, and 
28.90; IR (KBr) 2965, 2900, 2850, 1690 (C=0). 1250, 
1160, 1135, 1035. and 1025 cm~i; MS (DCI) un/e 271 15 
(MH+y, 135 (C10H15+) Anal. Calcd for 

Ci8H22O2.0,015 H2O: C, 79,88; H, 8.21. Found: C, 
79.48; H, 8.34. 

4 -(l-Adamantyl)-3-methoxybenzaldehyde was re- 
duced according to the method of Bxample 8 to afford 20 
3-methoxy-4-(l-adamantyl)-benzyl alcohol (12 g): sca- 
le =1.09 mmol, yield =97%; chromatographed using 
EtOAc/hexane; mp=120''-12r C; UVmaxC^tOVC) 204 
mn (€=23629), 228 nm (€=6346), 274 nm (c=2540), 
280 nm (c = 2502); IH NMR (300 MHz, CDCI3) 6 7.23 25 
(d, J=7 Hz, IH, ArH). 6.88 (m. 2H, ArH), 4.63 (s, 2H, 
ArCHaO), 3.83 (s, H, OCH3), 2.08 (s, 9H, adamantyl), . 
1.77 (s, 6H, adamantyl); 13C NMR (75 MHz, CE>Cl3) 8 
159.03, 139.62, 138.01, 126.63, 118.87, 110.39, 65.21, 
54.98, 40.59, 29.10; IR (KBr) 3400, 2900, 1500, 1410, 30 
1255, 1240, 1040 cm-i; MS (DCI) m/e 273 (MH+), 272 
(M+), 256 (M— OH). Anal. Calcd for C18H24O2: C, 
79.37; H. 8.88. Found: C, 79.23; H, 8.91. 
B. Synthesis of 12k 

Commercially available 4-decyloxybenzaldehyde 35 
was Tcduced according to the method of Example 8 to 
provide 4-decyloxyben2yl alcohol (12k): scale=8.14 
mmol, yield =71%; recrystallized from EtOAc/hexane; 
mp=54"-55'' C; UV^ (EtOH) 226 nm (€=10114), 
202 mn (€=5906), 274 nm (€=1716); »H NMR (300 40 
MHz, CDCI3) S 7.28-6.81 (m, 4H, ArH), 4.58 (s, 2H, 
ArCHaO), 3.93 (t, J=8 Hz, 2H, OCH2R), 1.80-1.25 (m, 
16H, decyl), 0.86 (t, J=8 Hz, 3H, CH3); ^^C NMR (75 
MHz, CDCI3) S 158.80, 132.87, 128.62, 114.56, 68,07, 
65.10, 31.89, 29.56, 29.40, 29.31, 29.26, 26.03, 22.68, 45 
14.11; IR (KBr) 3330, 3220, 2900, 1610. 1520, 1250, 
1100, 1070 cm-1; MS (DCI) m/e 265 (MH+), 264 
(M+), 247 (M-OH). Anal. Calcd for C17H28O2: C, 
77.27; H, 10.69. Found: C, 77.39; H, 10.72. 
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Example 11: General Procedure for the Synthesis of 
Ethers 13a-c,h; 16f-g, i— k 

The synthesis of 2-[(3,4-bisdecyloxy)phenyl]me- 
thoxy-[l,l'-biphenyl]-6,3'-dicarboxyUc acid, diethyl 
ester (13a) is representative: 55 

2-hydroxy-3' -carboethoxy-( 1 , 1 '-biphenyl)-6-car- 
boxylic acid, ethyl ester (7a) (466 mg,, 1.48 nunol, 1 
equiv.) is dissolved in 7.4 mL of THF. Triphenylphos- 
phine (467 mg., 1.78 mmol, 1.2 equiv.) is added, and the 
flask is cooled to 0° C. Diisopropylazodicarboxylate 60 
(0.35 mL, 1.78 mmol, 1.2 equiv.) is added, followed by 
the dropwise addition of a solution of 3,4-didecylaxy- 
benzyl alcohol (12a) in 2.9 mL of THF. The mixture is 
stirred for 1 hr. at 0° C, and poured into water. The 
aqueous layer is extracted thrice with EtOAc, and the 65 
combined extracts washed with brine, dried ^gS04), 
and evaporated. Oxromatography using 25-50-75% 
CH2CL2/hexane yields 2-[<3,4-bisdecyloxy)phenyl]me- 


thoxy- [ 1 , 1 '-biphenyl]-6,3'-dicarboxylic acid, diethyl 
ester (13a) (0.468 g., 0.654 mmol, 44%) as a clear oil: 
mp=59,5''-60.5° C; ^H NMR (300 MHz, CDCI3) 6 8.03 
(ddd, J=2, 2, 8 Hz, IH, ArH), 7.99 (d, J=2 Hz, IH, 
ArH), 7.50-7.4O (m, 3H, ArH), 7.37 (dd, J= 8, 8 Hz, IH, 
ArH), 7.17 (d, J = 8 Hz, IH, ArH), 6.77 (d, J = 8 Hz, IH, 
ArH), 6.67 (dd, J =2, 8 Hz, IH, ArH), 6.61 (d, J = 2 Hz, 
IH, ArH), 4.94 (s, 2H, ArCH20), 4.36 (q, J = 7 Hz, 2H, 
CO2CH2), 4.02 (q, J=7 Hz, 2H, CO2CH2), 3.94 (t, J=7 
Hz, 2H. RCH2O). 3.77 (t, J=7 Hz, 2H, RCH2O), 1.78 
(m, 4H, RCH 2CH2O), 1.43 (m, 4H, decyl), 1.36 (t, J=7 
Hz. 3H, CO2CH2CH3), 1.29 (m, 24H, decyl), 0.95 (t, 
J = 7 Hz, 3H, CO2CH2CH3), 0.89 (t, 6H, 2XCH3). 

For 2-[3,4-bis(3-methyl-2-butenyloxy)phenyi]me- 
tiioxy-[l,r-biphenyl ]-6,3 '-dicarboxylic acid, diethyl 
ester (13b): From alcohol 12b and phenol 7a; sca- 
le=0.434 mmol, yield=68%; chromatographed on sil- 
ica gel using EtOAc/hexane; mp = 85.5*-87.5* C; 
UVnuix (CHCI3) 242 mn (€=19498), 286 nm (€=6685); 
IH NMR (300 MHz, CDCI3) 6 8.00 (ddd, J=2, 2, 8 Hz, 
IH, ArH), 7.96 (dd, J =2, 2 Hz, IH, ArH), 7.49-7.39 (m, 
3H, ArH), 7.35 (dd, J=8, 8 Hz, IH, ArH), 7.13 (dd, 
J=2, 8 Hz, IH, ArH), 6.74 (d, J=8 Hz, IH, ArH), 6.67 
(dd, J =2. 8 Hz, IH, ArH), 6.63 (d, J=2 Hz, IH, ArH), 
5.44 (m, 2H, C=CH), 4.92 (s, 2H, ArCH20), 4.51 (d, 
J=6 Hz, 2H, RCH2O), 4.36 (d, J=6 Hz, 2H, RCH2O), 
4.32 (q, J=7 Hz, 2H, CO2CH2), 3.98 (q, J=7 Hz, 2H, 
C02CH2>, 1.73 (s, 6H. 2XCH3), 1-67 (s, 3H, CH3), 1-66 
(s, 3H, CH3), 1.34 (t, J=7 Hz, 3H, CO2CH2CH3), 0.91 
(t, 1=7 Hz, 3H, CO2CH2CH3); 13C NMR (75 MHz, 
CDCI3) 6 168.01 (C=rO), 166.54 (C=0), 155.98, 148.89, 
148.31, 137.52, 137.44, 137.07, 134.18, 133.22, 130.93, 
130.78, 129.94, 129.17, 128.71, 128.16. 127.53, 122.15, 
120.26, 19.92, 119.14, 116.29, 113.73, 112.40, 70.65, 
66.05, 65,72, 60.88. 25.80, 25.77, 18.20, 14.30, 13.66; IR 
(KBr) 2982, 2930, 1714, 1574, 1512, 1290, 1252, 1232, 
1038, 852, 766 cm-1; MS (DCI> m/e 573 (MH+). Anal. 
Calcd for C35H40O7: C, 73.40; H, 7.04. Found: C, 73.19; 
H, 7.04. 

For 2-[(3,4-bispentyloxy)phenyl]methoxy'[l , 1 '- 
biphenyl]-6,3'>dicarboxyHc acid, diethyl ester (13c): 
From alcohol 12c and phenol 74; scale =0.350 mmol, 
yield =55%; chromatographed on silica gel using 
EtOAc/hexane; ^H NMR (300 MHz. CDCI3) 6 8.09 
(ddd, J=2, 2, 8 Hz, IH, ArH), 8.01 (s, IH, ArH), 
7.51-7.40 (m, 3H, ArH), 7.38 (dd, J =8, 8 Hz, IH, ArH), 
7.17 (d, J=8 Hz, IH, ArH), 6.76 (d, J = 8 Hz, IH, ArH), 
6.67 (dd, J=2, 8 Hz, IH, ArH}, 6.61 (d, J =2 Hz, IH, 
ArH), 4.94 (s, 2H, AxCHiO), 4.36 (q, J=7 Hz, 2H. 
CO2CH2), 4.01 (q. J=7 Hz, 2H, CO2CH2), 3.95 (t. J=7 
Hz, 2H, RCH2O), 3.76 (t, J=7 Hz, 2H, RCH2O), 1.79 
(m, 4H, RCH2CH2O), 1.40 (m, SH, pentyl), 1.39 (t, J=7 
Hz, 3H, CO2CH2CH3), 0.91 (m, 9H, 2XRCH3 and 
CO2CH2CH3). 

For 2-[(3-acetoxy-4-pentyloxy)phenyl]methoxy-[l , 1 '- 
biphenyl]-6-carboxaldehyde (16f): From alcohol 12f 
and phenol 15b; scale =2.58 mmol, yield = 62%; chro- 
matographed on silica gel using CH2Cl2/hexane; 
W„ax OBtOH) 228 nm (e= 31838), 204 nm (€=21123), 
322 nm (€ = 3763); ^H NMR (300 MHz, CDCI3) S 9.75 
(s, IH, CHO). 7.63 (dd. J= 1, 8 Hz, IH, ArH), 7.44-7.21 
(m, 7H, ArH), 6.98 (dd, J= 1, 8 Hz, IH, ArH), 6.84 (d, 
J=8 Hz, IH, ArH), 6.82 (d, J=2 Hz, IH, ArH), 4.98 (s, 
2H, ArCH20), 3.94 (t, 3=6 Hz, 2H, ArOCH2R), 2.83 (s, 
3H, CH3CO2), 1.75-1,30 (m, 6H, OCH2(CH2)3CH3). 
0.92 (t, J=6 Hz, 3H, CH3); i^c NMR (75 MHz, 
CD3OD) d 171.93 (C=0), 170.61 (C=0), 157.27, 
151.34, 141.11, 138.23, 135.26, 132.90, 130.95, 130.81. 
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129.50, 128.54, 127.86, 126.41, 122.61, 122.55, 117.33, 
114.13, 70.89, 69.64, 29.24, 29.26, 23.41, 20.53, 14.42; IR 
(KBr) 2960, 2870, 1750, 1690, 1510, 1280, 1200 cm- 1; 
MS (DCI) m/e 433 (M+) . Anal. Calcd for 
C27H28O5.O.25 H2O: C, 74.20; H, 6.57. Found: C, 73.87; 5 
H, 6.62. 

For 2 -[4, (1-adaman.tyl ) -3-methoxyphenyl ]me- 
thoxy-[l,r-biphenyl]-6-carboxaldehyde (16 g): From 
alcohol 12g and phenol 15b; scale =10.0 mmol, 
yield =57%; chromatographed on silica gel using 10 
CH2Cl2/hexane; mp= 115°-116" C; UV^(EtOH) 204 
nm (€=37108), 226 nm (€=28948); NMR (300 MHz, 
CDCI3) 6 9.75 (s, IH, CHO), 7.65 (dd, J=l, 8 Hz, IH, 
AtH), 7.47-7.34 (m, 6H, ArH), 7.25 (dd, J = 1, 8 Hz, IH, 
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128.50 (d, J V/^19 Hz), 126.30 (q, J h-f=2'^5 Hz), 
125.99, 122.02, 119.93, 119.42, 118.16 (d, J h^/^A^ Hz), 
113.50, 112.35, 70.68, 69^6, 69.01, 28.92, 28.22, 28.20, 
22.46, 14.05, 14.03. 

For 2-[(4-decyloxy) phenyl]methoxy-[l,l '-biphenyl]- 
6-carboxaldehyde (16k): From alcohol 12k and phenol 
15b; scale =2.67 mmol, yield =30%; chromatographed 
on siUca gel using CH2Cl2/hexane; UV^ax (EtOH) 228 
mn (€=35320), 206 nm (€=30697), 320 mn (e=3743); 
iH NMR (300 MHz, CDCI3) S 9.79 (s, IH, CHO), 7.67 
(d, J=8 Hz, IH, ArH), 7.50-7.38 (m, 6H, ArH), 7.35 (d, 
J=8 Hz, IH, ArH), 7.22 (d, J=8 Hz, 2H, ArH), 6.83 (d, 
J=8 Hz, 2H, ArH), 4.99 (s, 2H, ArCHiO), 3.93 (t, J=r7 
Hz, 2H, OCH2R), 1.77 (m. 2H, OCH2CH2R), 1.47-1.30 


ArH), 7.11 (d, J=8 Hz, IH, ArH), 6.73 (dd, J = l, 8 Hz, 15 (m, 14H, R(CH2)7CH3), 1.91 (t, J=7 Hz, 3H, CH3); i^C 
IH, Arl^l, 6.63 (s, IH, ArH), 5.02 (s, 2H. ArCH20), " 
3.63 (s, 3H, CH3O), 2.03 (s, 9H, adamantyl), 1.55 (s, 6H, 
adamantyl); «c NMR (75 MHz. CDCb) 6 192.48 
(C==0), 158.96. 156.12, 137.97. 135.74, 135.54, 135.28, 
131.16, 128.80, 127.99, 127.86, 126.43, 119.58,118.23, 
118.05, 109.70, 70.36, 54.94, 40.57, 37.13, 36.87, 29.09; 
IR (KBr) 2905, 2850, 1690 (C=0), 1450, 1267, 1255 
cm-i; MS (DCI) m/e 452 (MH+), 452 (M+). 451, 435 
(M— OH), 255. Anal. Calcd for C31H32O3: C, 82.15; H, 
7.17. Found: C. 82.27; H, 7.13. 

For 2-[4-(l-adamantyl)-3-methoxyphenyl]methoxy- 
l,r-biphenyl]-6,3'-dicarboxylic acid, diethyl ester (13h): 
From alcohol 12g and phenol 7a; scale =1.16 mmol, 
yield =62%; chromatographed on silica gel using 


NMR (75 MHz, CDCI3) 8 192.22 (C=0), 158.81, 
156.06, 135.82, 135.52, 133.23, 131.15, 128.60, 128.33, 
127.96, 127.88, 127.85, 119.61, 118.42, 114.39, 96.15, 
70.66, 67.94, 31.92, 29.60, 29.42, 29.34, 29.28, 26.08, 
20 22.70, 14.16; IR (KBr) 2930, 2840, 1690 (C=0), 1580, 
1515, 1470. 1245 cm-1; MS (DCI) m/e 445 (MH+), 427 
(M-OH), 247. Anal. Calcd for C3oH3603*0.1 CH2CI2: C, 
79.82; H, 8.00. Found: C, 80.05; H, 7.78. 

25 Example 12: Procedure for the Synthesis of Ether 13d 
3-Metho3sy-2-hydroxy-be!iizoic acid, methyl ester was 
converted via the method of Example 1 to 3-methoxy-2- 
(trifluoromethane-suiphonyloxy)-benzoic acid, methyl 
ester: scale = 15.2 namol, yield =59%; chromatographed 


CH2Cl2/hexane; ^H NMR (300 MHz, CDCI3) 6 8.05 (d, 30 on siKca gel usmg CHzClz/hexane; ^H NMR (300 MHz, 


J=8 Hz, IH, ArH), 8,02 (s, IH, ArH), 7.49-7.39 (m, 4H, 
ArH), 7.26 (d, J=8 Hz, IH, ArH), 7.09 (d, J=8 Hz, IH, 
ArH), 6.74 (d, J = 8 Hz, IH, ArH), 6.59 (s, IH, ArH), 
5.00 (s, 2H, ArCH20), 4.38 (q, J=7 Hz, 2H, CO2CH2), 
4.02 (q, J=7 Hz. 2H, CO2CH2), 3.62 (s, 3H, CH3O), 
2.04 (s, 9H, adamantyl), 1.75 (s. 6H, adamantyl), 1.40 (t, 
J=7 Hz, 3H, CO2CH2CH3), 0.97 (t, J=7 Hz, 3H, 
CO2CH2CH3); i^C NMR (75 MHz, CDCI3) S 167.89 
(C=0), 166.60 (C=0), 158.89, 156.02, 137.81, 137.64, 


CDCI3) S 7.53 (dd, J=2, 8 Hz, IH, ArH), 7.35 (dd, J=8, 
8 Hz, IH, ArH), 7.18 (dd, J=2, 8 Hz, IH, ArH), 3.92 (s, 
3H, CH3), 3.89 (s, 3H, CH3); 13C NMR (75 MHz, 
CDCI3) 8 164.43 (C=0), 151.72, 137.53, 128.45, 125.59, 
123.11, 118.66 (q, J V/^319 Hz, CF3), 116.83, 56.36, 
52.64; IR (film) 2958, 1732, 1582, 1480, 1462, 1422, 1314, 
1286, 1246, 1206, 1164, 1138, 1062, 886, 760 cm-l; MS 
(DCI) m/e 315 (MH+), 283 (M— CH3O). 

The above triflate was coupled to staBnane 3a via the 


135.27, 134.25, 133.16, 130.81, 129.99, 128.85, 127.66, 40 method of Example 3 to afford 3'-carboethoxy-6-car- 

126.36, 122.12, 118.21, 115.88, 109.57, 70.16, 60.94, bomethoxy-2-methoxy-[l,l'-biphenyl]: scale=0.975 

54.86,40.53,37.12.36.82,29.07,14.38,13.71. mmol, yield=61%; chromatographed on silica gel 

For 2-K3,4-bispentyloxy)phenyl]methoxy-[l,l'- using EtOAc/hexane; UVmox (CHCI3) 242 nm 

biphenyl]-6-carboxaldefayde (16i): From alcohol 12c (e::^ 10174), 298 nm (€=4122); IH NMR (300 MHz, 

and phenol 15b; sca}e=3.08 mmol, yield=51%; chro- 45 CEKHs) S 8.02 (ddd. J=2, 2, 8 Hz, IH, ArH), 7.91 (dd, 

matographed on silica gel usmg CH2Cl2/hexane; ^H J =2, 2 Hz, IH, ArH), 7.47-7.36 (m, 4H, ArH), 7.09 (dd, 

NMR (300 MHz, CDCI3) 6 9.78 (s, IH, CHO), 7.67 (d, J=2, 8 Hz, IH, ArH), 4.34 (q, J=7 Hz, 2H, CO2CH2), 

J=8 Hz, IH, ArH), 7.46-7.37 (m, 6H, ArH), 7.27 (d, 3.72 (s, 3H, OCH3), 3.53 (s, 3H, CO2CH3), 1.36 (t, J=7 

J=8 Hz, IH, ArH), 6.81 (d, J=8 Hz. IH, ArH), 6.79 (d, Hz, 3H, CO2CH2CH3); ^^C NMR (75 MHz, CDCI3) 8 

J=8Hz, IH, ArH), 6.70 (s,lH, ArH), 4.98 (s,2H, Arc- 50 168.27 (C=0). 166.66 (C=0), 156.97, 137.10, 133.99, 


H2O), 3.97 (t, J=7 Hz, 2H, OCH2R), 3.89 (t, J =7 Hz, 
OCH2R), 1.84-0.92 (m, 18 H, pentyl); i^c NMR (75 
MHz, CDCI3) 6 192.35 (C=0), 156.03, 149.23, 148.57, 
135.73, 135.46, 133.36, 131.13, 129.17, 128.71, 127.91, 
127.82, 119.54, 119.02, 118.24, 113.46, 112.11, 70.57, 
69.28, 68.95, 28.99, 28.28, 28.22, 22.51, 21.59, 14.10, 

For 2-[(3,4-bispei]ty]oxy) phenyl]methoxy-[l,l'- 
biphenyl3-3'-traiuoromethyl-6-carboxaldehyde (16j): 
From alcohol 12c and phenol 15c; scale=0.85 mmol. 


132.71, 130.63, 130.31, 130.00, 128.77, 128.27, 127.64, 
121.64, 114,03, 60.88, 56.02, 51.94, 14.34; IR (film) 2982, 
2952, 1718, 1460, 1432, 1300, 1262, 1236, 1110, 1060 
cm-i; MS (DCI) m/e 315 (MH+), 283 (M— CH3O). 
269 (M-C2H5O). Anal. Calcd for CisHigOj: C, 68,78; H, 
5.77. Found: C, 68.46; H, 5,84. 

The above aryl methyl ether was demefhylated via 
the procedure of Example 6 to yield 2-(3'-carboethoxy- 
phenyl)-3-carbomethoxyphenol: scale =1.09 mmol. 


yield=52%; chromatographed on silica gel using 60 yield = 40%; chromatographed on silica gel using 


CH2Cl2/hexane; ^H NMR (300 MHz. CDCI3) 8 9.75 (s, 
IH, CHO), 7.67-7.48 (m. 6H, ArH), 7,30 (d, J=8 Hz, 
IH, ArH), 6.81 (d, J=8 Hz, IH, ArH), 6.73 (d, J-8 Hz, 
IH, ArH), 6.66 (s, IH, ArH), 4.99 (s, 2H, ArCH20), 
3.96 (t, J=7 Hz, 2 H, OCH2R), 3.82 (t, J=7 Hz, 2H, 
OCH2R), 1.83-0.90 (m, 18 H, pentyl); i^c NMR (75 
MHz, CDCI3) S 191-54 (C=0). 155.91. 149.23, 148.84, 
135.30, 134.41. 134.37. 130.02, 129.42 (d, J 3c/«=4 Hz). 


EtOAc/hexane; XTV^ax (CHCI3) 242 nm (€=10234), 
298 nm (€=4739); »H NMR (300 MHz, CDCI3) 6 8.10 
(ddd, J =2, 2, 8 Hz, IH, ArH), 7.96 (dd, J =2, 2 Hz, IH, 
ArH), 7.55 (m, 2H, ArH), 7.46 (ddd, J = 2, 2, 8 Hz, IH, 
ArH), 7.34 (dd, J=8, 8 Hz, IH, ArH), 7.15 (dd, J=2, 8 
Hz, IH, ArH), 4.95 (s, IH, OH), 4.36 (q, J=7 Hz, 2H, 
CO2CH2), 3.57 (s. 3H. CQ2CH3). 137 (t, J=7 Hz. 3H, 
C02CH2CH3); 13C NMR (75 MHz, CDCI3) 8 167.00 
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(C=0), 166.13 (C=OX 153.25, 135.25, 134.08, 131.30, 
131,20, 130.51, 129.50, 129.16, 129.07, 127.57, 122.46, 
119.37, 61.20, 51.95, 14.30; IR (film) 3406, 2984, 2952, 
1716, 1606, 1584, 1462, 1434, 1298, 1238, 1142, 1110, 758 
cm-1; MS (DCI) m/e 301 (MH+), 269 (M— CH3O), 5 
255 (M— C2H5O). Anal, Calcd for C17H16O5.O.4 H2O; 
C, 66.39; H. 5.51. Found: Q 66.58; H, 5.50. 

Hie above ph^ol is then coupled with alcohol via 
the process of Hxample 1 1 to produce 2-[(3,4-biscyclo- 
pentyl-oxy)phenyl]methoxy-[l,l '-biphenyl ]-6,3 '-dicar- 10 
boxylic acid, 3 '-ethyl ester, 6-methyl ester (13d): sca- 
le =0.647 mmol, yield =69%; chromatographed on sil- 
ica gel using EtOAc/hexane; IH NMR (300 MHz, 
CDCI3) 8 8.00 (ddd, J=2, 2, 8 Hz, IH, ArH), 7.96 (dd, 
J=2, 2 Hz, IH, ArH), 7.45 (m, 3H, ArH), 7.35 (dd, 15 
J=7, 7 Hz, IH, ArH), 7.15 (dd, J=2, 8 Hz, IH, ArH), 
6.74 (d, J=8 Hz, IH, ArH), 6.65 (dd, J =2, 8 Hz, IH, 
ArH), 6.60 (d, J=2 Hz, IH, ArH), 4.91 (s, 2H, ArC- 
H2O). 4.66 (m, IH, R2CHOR), 4.50 (m. IH, R2CHOR), 
4.33 (q, J=7 Hz, 2H. CQ2CH2), 3.54 (s, 3H, CO2CH3), 20 
1.85-1.63 (m, lOH, cycloalkyl), 1.54 (m, 6H, cycloal- 
kyl), 1.36 (t, J==7 Hz, 3H, CO2CH2CH3); l^C NMR (75 
MHz, CDCls) 6 168.19 (C=0), 166.40 (C=0), 159.04, 
148.93, 137.28, 134.12, 132.71, 130.65, 129.94, 129.34, 
128.71, 128.18, 127.55, 122.10, 119.32, 116.58, 116.31, 25 
115.24, 81.13, 80.84, 70.54, 60.87, 51.94, 32.76, 32.71, 
23.87, 23.83, 14.32; IR (film) 2958, 1720, 1508, 1296, 
1262, 1234, 1166. 758 cm-i; MS (DCI) m/e 359 
(MH+). 
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Ricample 13: Oaieral Procedure for the Synthesis of 
Aldehydes 16 l,n-q 

The preparation of el!her 16 is illustrative: 
Sodium hydride (2.54 g., 0.106 mol, 2.S equiv.; 80% 
dispersion, unwashed) is suspended in 75 mL of DMSO. 35 
A solution of 2,3-dLh.ydroxybenzaldehyde (5.84 g., 42.3 
mmol, 1 equiv.) in 30 mL of DMSO is added dropwise 
with water bath cooling, and the mixture allowed to stir 
1 hr. at room temperature. A solution of 2-chlorometh- 
yl-5,5,8,8-tetramethyl-5,6,7, 8-tetrahydronaphthalene 40 
(18a) (10 g., 42.3 mmol, 1 equiv.) is added and the mix- 
ture is allowed to stir overnight at room temperature. 
The mixture is then poured into half-saturated ammo- 
nium chloride solution, and extracted with EtOAc. The 
aqueous phase is saturated with sodium chloride, and 45 
then extracted twice with EtOAc. The combined or- 
ganic phase is washed with brine, dried (MgS04), and 
evaporated. Chromatography on silica gel using 50% 
CH2Cl2/hexane affords 3-(5,5,8,8-tetramethy 1-5, 6,7,8- 
tetrahydro-2-naphthaLenyl)methoxy-salicylaldehyde 50 
(19a) as a yellow oil (6.02 g., 17.8 mmol, 44%) which 
occasionally crystallizes upon standing: UV/„ax (CHCI3) 
268 nm (e=9894), 240 mn (€=6181), 350 nra (e = 2513); 
IH NMR (300 MHz, CDCI3) 5 11.01 (s, IH, OH), 9.91 
(s, IH, CHO), 7.33 (d, J = 2 Hz, IH. ArH), 7.29 (d, J=8 55 
Hz, IH, ArH), 7.21-7.13 (m, 3H, ArH), 6.90 (dd, J=8, 
8 Hz, IH, ArH), 5.10 (s, 2H. ArCH20), 1.66 (s, 4H, 
CH2CH2), 1.25 (s, 12H, 4XCH3); 13C NMR (75 MHz, 
CDQs) a 196.45 (C=0), 152.31, 147.4^ 145,07. 144.86, 
133.33, 126.93, 125,90, 125.12, 125.01, 121.06, 120.97, 60 
119.46, 71.78, 35.03, 35.00, 34.26, 34.16, 31.83; IR (fihn) 
2960, 2926, 2860, 1658, 1456, 1388, 1364, 1276, 1252, 
1216, 750, 736 cm-i; MS (DCI) m/e 339 (MH+), 201 
(C15H21+). Anal. Calcd for C22H26O3-O.4 H2O: C, 
76.45; H, 7.81. Found: C, 76.62; H, 7.62. 65 

Aldehyde 19a is converted via the method of Exam- 
ple 1 to 2-trifluoromethyIsulphonyloxy-3-(5,5,8,8-tet- 
ramethyl-5,6,7,8-tetrahydro-2-naphthaIenyl ) methox- 


ybenzaldehyde (20a): scale =3. 13 mmol, yield =47%; 
chromatographed on silica gel using CH2Cl2/hexane, 
clear oil; IT^max (CHCI3) 250 nm (e=8852), 314 nm 
(€=3184); m NMR (300 MHz, CDCI3) S 10.24 (s, IH, 
CHO), 7.51 (dd, J =2, 8 Hz, IH, ArH), 7.40 (dd, J =8, 8 
Hz, IH, ArH), 7.38-7.30 (m, 3H, ArH), 7.16 (dd, J=2. 
8 Hz, IH. ArH), 5.15 (s, 2H, ArCH20), 1.67 (s, 4H. 
CH2CH2), 1.27 (s, 6H, 2XCH3), 1.25 (s, 6H, 2XCH3>. 
13C NMR (75 MHz, CDCI3) S 186.68 (C=0), 151.07, 
145.41, 145.29, 139.61, 131,81, 129.55, 128.97, 126.90, 
125.79, 124.70, 121.09, 120.73, 120.13, 72.00, 35.03, 
34.97, 34.31, 34.21, 31.83, 31.71; IR (film) 3028, 2962, 
2930, 2866, 1704, 1580, 1478, 1460, 1426, 1282, 1250. 
1208, 1140, 880, 782 cm-i; MS (DCI) m/e 471 (MH+), 
401 (M-CF3). 201 (C15H21+). Anal. Calcd for 
C23H25F3O5S: C, 58.71; H, 5.36. Found: C, 58.49; H, 
5.43. 

Triflate 20a is then coupled to stannane 3a using the 
method of Example 2 to afford 2-(5,5,S,8-tetramethyl- 
5.6,7.8-tetrahydFO-2 -naphthalenyl]Unethoxy-[ 1,1'- 
Hphenyl]-3'-carboethoxy-^-carboxaldehyde (16 1): sca- 
le =2.4 mmol, yield =77%; chromatographed on silica 
gel usiag CH2Cl2/hexane; UVmax (CHCI3) 242 nm 
(€=13370), 322 nm (€=2203); ^H NMR (300 MHz, 
CDCI3) 6 9.73 (s, IH, CHO), 8.10 (ddd, J = 2, 2, 8 Hz, 
IH, ArH), 8.06 (dd, J =2, 2 Hz, IH, ArH), 7.64 (dd, 
J=2, 8 Hz, IH, ArH), 7.53 (m, 2H. ArH), 7.47 (ddd, 
J=2, 8, 8 Hz, IH, ArH), 7.27 (dd, J=2, 8 Hz, IH, ArH), 
7.19 (d, J= 8 HZ, IH, ArH), 7.04 (d, J=2 Hz, IH, 
ArH), 6.92 (dd, J =2, 8 Hz, IH, ArH), 5.00 (s, 2H, ArC- 
H2O) , 4.36 (q, J = 7 Hz, 2H, CO2CH2) , 1.62 ( s, 4H, 
CH2CH2) , 1.36 ( t. J=7 Hz, 3H, CO2CH2CH3), 1-22 (s, 
6H, 2 X CH3). 1. 12 (s, 6H, 2 X CHaife 13C NMR (75 MHz, 
CDCI3) 8 191.91 (0=0), 166.26(0=0), 156.18, 144.99, 

144.44, 135.36, 135.30, 134.43, 133.74. 133.25, 131.94, 
130.40, 129.15, 128.77, 128.13. 126.57, 124.59, 123.79, 
119.61, 117.86, 70.57, 61.12, 34.96, 34.18, 34.07, 31.80, 
31.70, 14.33; IR (film) 2960, 2928. 2860, 1720, 1692, 
1458, 1294, 1260, 1234, 1110, 756 cm-i; MS (DCI) m/e 
471 (MH+1). 425 (M-C2H5O), 201 (C15H21+I). HRMS 
(FAB) Calcd for C3iH3404Na: 493.2355, Found: 
493.2349. 

For 2-(5,5,8, 8-tetramethyl-5,6,7,8-tetrahydro-2-naph- 
thalenyl)methoxy-[ 1 , 1 '-biphenyl]-6-carboxaldehyde 
(16n): From triflate 20a and phenyltributylstannane; 
scales 1.33 mmol, yield=75%; chromatographed on 
silica gel using CH2Cl2/hexane; *H NMR (300 MHz, 
CDCI3) S 9.75 (s, IH, CHO), 7.62 (dd. J=2, 8 Hz, IH, 
ArH), 7.48-7.34 (m, 6H, ArH), 7.25 (dd, J=2, 8 Hz, IH, 
ArH), 7.20 (d, J= 8 Hz, IH, ArH), 7.08 (d, J=2 Hz, IH, 
ArH), 6.92 (dd, J = 2, 8 Hz, IH, ArH). 4.99 (s, 2H, ArC- 
H2O) , 1.63 ( s, 4 H, CH2 CH2), 1.23 ( s, 6H, 2XCH3), 
1.15 (s, 6H, 2XCH3); NMR (75 MHz, CDCI3) 8 
192.53 (C=0), 156.17, 145.00, 144.36, 135.76, 135.49 , 

133.45, 133.27, 131.10, 128.70, 128.00, 127.89, 126.54 , 
124.67, 123.80, 119.44, 117.97, 70.60, 35.02, 34.98, 34.23, 
34.09, 31.82, 31.74; IR (KBr) 2956, 2916, 2854, 1690, 
1452, 1268, 1242, 790 cm^l 1; MS (DCI) m/e 399 
(MH+). 201 (C15H21+). 

For 2-(5,5,8,8-tetramethyl-5,6,7,8-tetiahydro-2-naph- 
thalenyl)methoxy-[l, 140 -biphenyl]-4'-(l, 1-dimethyle- 
thyl)-6-carboxaldehyde (I60): From trillate 20a and 
stannane 3c; scale =0.43 mmol, yield = 72%; chromato- 
graphed on silica gel using CH2Cl2/hexane; ^H NMR 
(300 MHz, CDCI3) S 9.74 (s, IH, CHO), 7.62 (dd, J =2, 
8 Hz, IH, ArH), 7.44 (m, 3H, ArH), 7.32-7.17 (m, 5H, 
ArH), 6.92 (dd, J=2, 8 Hz, IH, ArH). 5.00 (s, 2H, ArC- 
H2O), 1.64 (s, 4H, CH2CH2), 1.36 (s, 9H, C(CH3)3), 1-23 
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(s, 6H, 2XCH3), 1.17 (s, 6H, 2XCH3); ^^C NMR (75 
MHz, CDCI3) S 192.92 (C=0), 156.28, 150.70, 144.96, 
144.30, 135.80, 135.72, 133.57, 130.91, 130.05, 128.46, 
126.48, 124.90, 124.63, 123.83, 119.42, 117.84, 70.60, 
34.99, 34.98, 34.67, 34.27, 34.09, 31.92, 31.83. 31.37; IR 5 
(film) 2960, 2928, 2864, 1690. 1456. 1258, 1240, 1066, 760 
cra-1; MS (DCI) m/e 455 (MH+), 201 (C15H21+). 

For 2- (5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-2-naph- 
thalenyl)methoxy-440 -(2-tertbuty Idimethylsilyloxy- 1 - 
ethLyl)-[l,r-biphenyl]-6-carboxaldeliyde (16p): From 10 
tfillate 20a and stannane 3e; scale =0.504 mmol, 
3deld=94%; chromatographed on silica gel using 
EtOAc/hexane; NMR (300 MHz, CDCI3) 8 9.77 (s, 
IH, (CHO), 7.62 (d, J=8 Hz, IH, ArH), 7.41 (dd, J=8, 
8 Hz, IH, ArH), 7,24 (ra, 6H, ArH), 7.15 (d, J=2 Hz, 15 
IH, ArH), 6.96 (dd, J=2, 8 Hz, IH, ArH), 5.01 ( s, 2H, 
ArCH20), 3.87 ( t, J=7 Hz, 2H, R3SiOCH2), 2.90 (t, 
J=7 Hz. 2H; ArCRiCHz). 1.67 (s, 4H, CH2CH2), 1.26 
(s, 6H, 2XCH3), 1.18 (s, 6H, 2XCH3), 0.89 (s, 9H, 
C(CH3)3), 0.01 (s, 6H, Si(CH3)2). 20 

Example 14: Procedure for the Synthesis of Acid 14q 

2-Tiifluoromethylsulphonyloxy-3-(5,5,7,S-tetrahy- 
dro-5,5,8,8-tetrainethyl-2-naphthahenyl)methoxyben- 
zaldehyde (20a) (0.826 g., 1.76 mmol; see Example 13) is 25 
coupled to stamiane 3g (1. 19 g., 2.63 mmol; see Example 
2) via the method of Example 3 to yield 3'-(ethoxy-car- 
bonylmetiiyl>2-(5,6,7,8-tetraahydro-5,5,8,8-tetrameth- 
yl-2-nflphthalenyl)methoxy-l,r-biphenyl-6-carboxalde 


2XCH3); NMR (75 MHz, CD3OD) 8 175.49 
(C=0), 172.19 (C=0), 157.42, 145.81, 145.16, 138.56. 
135.60, 135.25, 135.19, 132.46, 131.86, 129.65, 129.50, 
128.92, 128.73, 127.54, 126.02, 125.32, 122.37, 117.06, 
71.56, 42.09, 36.21, 35.17, 35.00, 32.29, 32.25; IR (KBr) 
3430, 2960, 2926, 1706, 1456, 1298, 1260 cm-i; MS 
(DCI) m/e 473 (MH+), 472 (M+), 455 (M-OH), 201 
(C15H21+). Anal- Calcd for C30H32O5.O.5 H2O: C, 
74.82; H, 6.91. Found: C, 74.87; H, 6.74. 

Experimental Procedures for Compounds of Type IB 

Example 15: General Procedure for Wittig 
Homologation of Aldehydes to End Ethers 

The synthesis of (Z) and (E) 3'-carboethoxy-2- 
methoxy-6-[(l-methoxy>2-etheayl]-l,l'-biphenyl (21) is 

illustrative: 

A solution of (methoxymethyl)triphenylphos- 
phonium chloride (3.88 g, 11.3 mmol, 1.05 equiv.) in 15 
mL of toluene and 50 mL of THF is cooled to 0* C. 
Potassium t-butoxide (95%, 1.S3 g, 12.9 mmol. 1.21 
equiv.) is then added, and the mixture allowed to stir at 
0° C. for 30 minutes. A solution of 2-methoxy-3'-carboe- 
thoxy-[l,r-biphenyl]-6-carboxaldehyde (4a) (3.05 g, 
10.7 mmol, 1 equiv.) in 15 miL of THF is then added 
rapidly dropwise, and the mixture allowed to stir for 5 
minutes at 0" C. The ice-bath is removed, and stirring 
continued for another 2 hours at room temperature. The 
reaction mixture is partitioned between ether and water. 


hyde 06q) (0 410 g., 0.88 'mmol. 50%): chromato- 30 ^ ''''5^*' phase washed >yith jDrine, dried 


graphed on silica gel using 5% EtOAc/hexane to afford 
a yellow oil as a 3:1 mixtmre of 16q and triflate 20a. 

3 '-Ethoxycarbonylmethyl-2-(5,6,7, 8-tetrahydro- 
5,5,8,8 -tetramethyl-2-naphthalenyl)methoxy-l, r- 
biphenyl-6-carboxaldehyde (16q) (0.394 g., 0.84 mmol) 35 
obtained above (as a mixture with triflate 20a) is oxi- 
dized via the method of Example 4 to yield 3'ethoxycar- 
bonylmethyl-2-(5,6,7,8-tetrahydro-5,5.8,8-tetramethyl- 

2-naphthalenyl)methoxy-l,l'-biphenyl-6-carboxylic . ,^ „ «^ y . x-rx ^ / ^tt * 

acid (0.210 g., 0.43 mmol, 25% overall from triflate 40 IH, ArH), 7.95 (s. IH, ArH), 7.50^7.27 (m. 3I^ArI^» 
2to): chroiLtographfid oa siUca gel usmg me- 7.19 (d, J=8 Hz, IH, ArH), 6.90 (d, J=12 Hz, IH, 
thanol/CH2Cl2 to afford a yellow oil; ^H NMR (300 
MHz, CDCI3) S 7.49 (d, J=8 Hz, IH, ArH), 7.33 (m^ 
2H, ArH), 7.26-7.15 (m, 5H, ArH), 7.05 (d, J=2 Hz, 


(M^S04), and concentrated. Pentane is added to precip- 
itate PhsPO, which is removed by filtration. The filtrate 
is concentrated to afford an oil. The crude material is 
chromatographed on silica gel using methylene chlori- 
de/hexane as the eluent to afford a mixture of (Z) and 
(E) 3'-carboethoxy-2-methoxy-6-[( 1 -methoxy)-2- 

ethenyl]-l,l'-biphenyl (21) (3.27 g, 10.5 mmol, 98%) as 
a clear oil (-^2:1 mixture of E:Z isomers): Data for E 
isomer: m NMR (300 MHz, CDCI3) 5 8.04 (d, J = 8 Hz. 


IH. ArH), 6.89 (dd, J =2, 8 Hz, IH, ArH), 4.94 (s, 2H, 45 CO2CH2CH3). 


0=CH), 6.81 (d, J=8 Hz, IH, ArH), 5.41 (d, J= 12 Hz, 
IH, C=CH), 4.38 (q, J==7 Hz, 2H, CO2CH2). 3.71 (s, 
3H, OCH3), 3.45 (s. 3H, OCH3). 1.36 (t, J=7 Hz, 3H, 


ArCHzO), 4.05 (q, J=7Hz, 2H, CO2CH2), 3.59 (s, 2H, 
ArCH2C02), 1.63 ( s, 4H, CH2CH2), 1.22 (s, 6H, 
2XCH3), 1.15 (s, 6H, 2XCH3), 1.15 (t, J = 7 Hz, 3H, 
CO2CH2CH3); NMR (75 MHz, CDCI3) 8 171.68 
(C=0) , 171.64 (C=0), 156.21, 144.87, 144.23, 136.72. 
133.58, 133.44, 132.16, 130.56, 128.42, 128.37, 128.01, 
127.89, 126.55, 124.67, 123.89, 122.57, 116.76, 70.69, 
60.80, 41.43. 35.03, 34.19, 34.07, 31.82, 31.74, 14.12; IR 
(fflm) 2^, 2926, 1734, 1700, 1456. 1364, 1300, 1260, 


For (Z) and (E) 2- (5,5,8,8-tetramethyl-5,6,7,8-tet- 
rahydro-2-naphthalenyl)methoxy-6-[( 1 -methoxy)-2- 
ethenyl]-l,l'-biphenyl (31e): scale=0.92 mmol, 
yield=93%; chromaiograpihed on silica gel using 10% 
50 EtOAc/hexane to afford a white solid (~2:1 mixture of 
E:Z isomers); IH NHR (300 MHz, CDCI3) 8 7.65 (d, 
J=8 Hz, IH, ArH, from Z isomer), 7.41-7.37 (m, ArH 
from E and Z), 7.33-7.14 (m, ArH from E and Z), 7.04 

^ ^ ^ ^ ^ ^ (m, ArH, from E and Z), 6.89 (m, ArH, from E and Z), 

1152' 758 'cm-i; MS '(DCI) m/e' 501 (MH+), 483 55 5.99 (d, J=7 Hz, IH, ArHC=C, from Z isomer). 5.50 
(M-OH), 201 (C15H21+). J= 13 Hz, IH, ArHC=C, from E isomer), 4.91 ( s, 

3'-Ethoxycarbonylmethyl-2-(5,6,7,8-tetrahydro- 2H, ArCH20, from E isomer), 4.89 (s, 2H, ArCHiO. 

5,5,8,8-tetiamethyl-2-naphthalenyl)methoxy-l,l'-biphe- from Z isomer), 3.71 (s, 3H, OCH3 from Z isomer), 3.44 
nyI-6-carboxylic add (0.199 g., 0.41 mmol) is hydro- (s, 3H, OCH3 from E isomer), 1.61 (s, 4H, CH2CH2 from 
lyzed via the method of Example 7 to afford 6-carboxy- 60 E isomer), 1.60 (s, 4H, CH2CH2from Z isomer), 1.21 (s, 
2-[5,6.7,8~tetrahydro-5,5,8,8-tetramethyl-2-naph- 6H, 2x CHj), 1.13 (s, 6H, 2X CH3); 13C NHR (75 MHz. 

thalenyl]methoxy-[l,r-biphenyll-3'-acetic add (14q) CDCI3) d 148.95, 134.21, 130.70, 128.16. 127.87, 126.75, 
(0.169 g., 0.37 mmol, 90%) as a yellow solid: UV^ 126.33, 124.61, 123.75, 121.90, 117.14, 1 10.50 (Z isomer), 
(MeOH) 208 nm (e=42683), 292 nm (e=:3412); ^H 110.30 (E isomer), 104.22 (E isomer) , 103.64 (Z isomer) 
NMR (300 MHz, CD3OD) S 7.39-7.17 (m, 8H, ArH), 65 . 70.14, 61.00 (Z isomer). 56.36 (E isomer), 35-09, 35.02, 
7.10 (d. J=2 Hz, IH, ArH), 6.93 (dd, J=2. 8 Hz, IH, 34.21, 34.04, 31.83, 31.71; IR (K-Br) 3440, 2956. 2922, 
ArH), 4.96 (s, 2H. AxCHiO), 3.59 (s. 2H, ArCHzCOj), 1636^ 1454, 1258. 1212, 1066, 700 cm-1; MS (Dd) m/e 
1.65 (s. 4H. CH2CH2). 1.22 (s, 6H, 2XCH3), 1.15 (s, 6H. 427 (MH+), 395 (M-OCH3), 201 (CI5H2I+). 
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For (Z) and (E) 2-(5,5,8,8-tetramethyl-5,6,7,8-tet- subsequent reactions: IH NMR <300 MHz, CDCI3) 6 

rahydro-2-naphthaleiiyl)methoxy-3'-carboethoxy-6-[(l- 8.05 (d, J=7 Hz, IH, ArH), 7.90 (s, IH, ArH), 7.55-7.31 

methoxy)-2-ethenyl]-l,r-bipheiiyl (3if): scale= UQ2 (in, 3H, ArH), 6.95 (d, J=7 Hz, IH, ArH), 6.85 (d, J=7 

nunol, yield=91%; chromatographed on silica gel Hz, IH, ArH), 4.35 (q, J = 7 Hz, 2H, CO2CH2), 3.70 (s, 

using 20% EtOAc/hexane to afford a white solid (-2:1 5 3H, OCH3), 3.40 <s. 2H, ArCH2C02), 1.33 (t, J= 7 Hz, 

mixture ofE:Z isomers); IH NMR (300 MHz, CDCl3)S 3H, CO2CH2CH3); NMR (75 MHz, CDCI3) 8 

8.35 (ddd, J=s2, 2, 8 Hz, IH, ArH from Z isomer), 8.08 177.40 (C=0), 166.72 (C=0>, 157.08, 136.89. 134.81, 

(m, ArH from E and Z), 7.82 (ddd, 3=2, 2, 8 Hz, IH, 133.36, 131.26, 130.50, 130.41, 128.87, 128.50, 128.31. 

ArH from E isomer), 7.59-7.49 (m, ArH from E and Z), 122.49. 109.91, 61.07, 55.73, 38.72, 14.28. 
7.37-7.20 (m, ArH from E and Z), 7.1 1 (d, J=8 Hz, IH, 10 Acid 23 (3.78 g. crude, from above) is converted to 

ArH from E isomer), 7.07 (m, ArH, from E and Z), 6.94 the diethyl ester using the general procedure of Exam- 

(m, ArH, from E and Z), 6.03 (d, J=8 Hz, CH=C from pie 5 to afford 3'-carboethoxy-2-methoxy-l,r-biphenyl- 

Z isomer), 5.49 (d, J= 14 Hz, CH=C from E isomer), 6-acetic acid, ethyl ester (24) (2.77 g., 8.10 mmol, 77% 

4.99 (s, 2H, ArCHaO from E isomer), 4.98 ( s, 2H, ArC- overall yield from enol ether 21): chromatographed on 

H2O from Z isomer), 4.89 (d, J=8 Hz, CH=C from Z 15 silica gel using EtOAc/hexane; UVmax (EtOH) 206 mn 

isomer), 4.41 (m, 2H, C02CH2from E and Z), 3.75 (s, (e= 28222), 282 mn (e = 817); >H NMR (300 MHz, 

3H, OCH3 from Z isomer), 3.49 (s, 3H, OCH3 from E CDCI3) 6 8.06 (dd, J =2, 8 Hz, IH, ArH), 7.91 (s, IH, 

isomer), 1.45 (t, J=7 Hz, 3H, CO2CH2CH3 from Z ArH), 7.56-7.31 (m, 3H, ArH), 6.98 (d, J=8 Hz, IH, 

isomer), 1.41 (t, J=7 Hz, 3H, CO2CH2CH3 from E ArH), 6.90 (d, J=8 Hz, IH, ArH), 4.67 (s, IH, OH), 4.37 

isomer), 1.25 (s, 6H, 2XCH3), 1.15 (s, 6H, 2XCH3). 20 (q, J=7 Hz, 2H, CO2CH2), 4.02 (q, J=7 Hz, 2H. 

1 1^ IT, ^ r XT ^ 1 fT7 1 CO2CH2), 3.68 (s,3H,OCH3), 3.35 (s.2H,ArCH2C02), 

Example 16: General Procedure for Hydrolysis of Enol j 37 j^j CO2CH2CH3), 1.13 1, J=7 Hz, 3H, 

Ethers to Aldehydes CO2CH2CH3); ^^c NMR (75 MHz, CDCI3) 8 171.52 

The synthesis of 3'-carboethoxy-2-methoxy-l,l'- (C^^), 166.60 (C^=0), 157.05, 137.03, 134.76, 134.07, 

biphenyl-6-acetaldehyde (22) is representative: 25 131.22, 130.42, 128.74, 128.38, 128.12, 122.44, 109.69, 

3'-Carboethoxy-2-methoxy-6-[(l-methoxy)-2- 60.92, 60.74, 55.75, 39.17, 14.33, 14.06; IR (KBr) 2990, 

ethenyl]-l,l'-biphenyl (21) (3.27 g, 10.5 mmol), as a 1735, 1718, 1580, 1470, 1300, 1255, 1235 cm-»; MS 

mixture of Z and E isomers, is dissolved in 31 mL of (DCI) m/e 343 (MH+). Anal. Calcd fbr C20H22OS.O.IO 

THF and 31 mL of IN HCl. The mixture is heated to hexane: C, 71.10; H, 6.68. Found: C, 71,39; H, 6.36. 
reflux for 24 hours, and then partitioned between ethyl 30 _ , ,0 o • rryu 1 t ■« * iz: 

acetate and water. The organic phase is washed with Example 18: Synthesis of Phenol 25 and Tnflate 26 
brine, dried (MgS04), and concentrated. Crude 3'-car- 3'-Carboethoxy-2-methoxy- l,l'-biphenyl-6-acetic 

boethoxy-2-methoxy-l,l'-l»phenyl-6-acetaldehyde (22) acid, ethyl ester (24) (2.77 g., 8.10 mmol) is converted 

is obtained as a yellow oil (3.30 g, 11.1 mmol), which is via the method of Example 6 to 3'-carboethoxy-2- 

of suitable purity for use in subsequent reactions: *H 35 hydroxy- l,l'-biphenyl-6-acetic acid, ethyl ester (25) 

NMR (300 MHz, CDCI3) 6 9.55 (s, IH, CHO), 8.03 (d, (2.40 g., 7.32 mmol, 90%): chromatographed on sUica 

J=8 Hz, IH, ArH), 7.49-7.34 (m, 4H, ArH), 6.93 (d, gel using EtOAc/hexane; IH NMR (300 MHz, CDCI3) 

J=8 Hz, IH, ArH), 6.88 (d, J=8 Hz, IH, ArH), 4.36 (q, 8 8.12 (d, J=8 Hz, IH. ArH), 7.96 (s, IH, ArH), 7.56 

J=7 Hz, 2H, CO2CH2), 3.72 (s, 3H, OCH3), 3.49 (s, 2H, (dd, J=8, 8 Hz, IH, ArH), 7.50 (d, J = 8 Hz, IH, ArH), 

ArCH2CHO), 1.38 (t, J=7 Hz, 3H, CO2CH2CH3); 40 7,24 (d, J=8 Hz, IH, ArH), 6.92 (d, J=8 Hz, IH, ArH), 

NMR (75 MHz, CDCI3) $ 199.08 (C=0), 166.45 6.90 (d, J=8 Hz, IH, ArH), 4.67 (s, IH, OH), 4.37 (q, 

(C==0), 157.34, 136.86, 134.60, 132.03, 131.09, 130.71, J==!7Hz,2H,CO2CH2),4.02(q, J=7Hz,2H,C02CH2), 

130.63, 129.11, 128.54, 128.38, 122.61, 109.99, 61.02, 3.35 (s, 2H, ArCH2C02), 1.37 (t, J=7 Hz, 3H, 

55.74, 48.32, 14.32. CO2CH2CH3), 1-13 (t, J=7 Hz, 3H, CO2CH2CH3); l^C 

For2-(5.5,8,8-tetramethyl-5,6,7,8-tetrahydro-2-naph- 45 NMR (75 MHz, CDCI3) 8 171.35 (C=^), 152.99, 

thalenyI>meliioxy-l,l'-bipheQyl-6-acetaldehyde (32e): 135.00, 134.87, 133.74, 131.49, 129.66, 129.40, 129.24, 

m NMR (300 MHz, CDCI3) 8 9.57 (bs, IH, CHO), 122.39, 114.44, 61.24, 60.81, 39.27, 14.30, 14.05; MS 

7.42-7.27 (m, 4H, ArH), 7.23-7.18 (m, 3H, ArH), 7.02 (DCI) m/e 329 (MH+). 

(m, 2H, ArH), 6.96 (m, 2H, ArH), 4.98 (s, 2H, ArC- Phenol 25 (1.13 g., 3.45 mmol) is converted by the 

H2O), 3.53 (bs, 2H, ArCH2CHO), 1.64 (s, 4H, 50 method of Example 1 to 3'-carboethoxy-2-trifluorome- 

CH2CH2), 1 .24 (s, 6H, 2 X CH3), 1 . 14 (s, 6H, 2 X CH3). thylsulphonyloxy- 1 , 1 '-biphenyl-6-acetic acid, ethyl 

For 2- (5,5,8, 8-tetramethyl-5,6,7,8-tetrahydro-2-naph- ester (26) (1.21 g., 2.63 mmol, 76%): chromatographed 

tfaalenyl)methoxy-3'-carboethoxy- 1 , 1 '-biphenyl-6- on silica gel using CH2Cl2/hexane; *H NMR (300 MHz, 

acetaldefayde (32f): iH NMR (300 MHz, CDCI3) S 9.61 CDCI3) S 8.17 (ddd, J =2, 2, 8 Hz, IH. ArH), 7.94 (dd, 

(bs. IH, CHO), 8.10 (m, 2H, ArH), 7.60-7.49 (m, 2H, 55 J=2, 2 Hz, IH, ArH), 7.54 (dd. J=8, 8 Hz, IH, ArH), 

ArH), 7.39 (dd, J = 8, 8 Hz, IH, ArH), 7.22 (d, J=8 Hz, 7.44 (m, 3H, ArH), 7.33 (dd, J ^2, 8 Hz, IH, ArH), 4.39 

IH, ArH), 7.08 (m, 2H, ArH), 6.96 (m, 2H, ArH), 5.01 (q, 3 = 7 Hz, 2H, CO2CH2), 4.05 (q, J=7 Hz, 2H, 

(s, 2H, ArCH20), 4.43 (q, J=7 Hz, 2H, CO2CH2), 3.56 CO2CH2), 3-48 (s, 2H, ArCH2), 139 (t, 3=7 Hz, 3H, 

(bs, 2H, ArCH2CHO), 1.58 (s, 4H, CH2CH2), 1.39 (t, CO2CH2CH3), 1.15 (t, J=7 Hz, 3H, CO2CH2CH3). 
J=7Hz,C02CaEl2CH3), 1.29(8, 6H,2XCH3X 1.17 (s, 60 1 10 c ^t^- a -y^ 

6H 2XCH3) — ' y» X Example 19: Synthesis of Diacids 28a-c 

Sjntithesis of 28a: 

Example 17: Synthesis of Ester 24 Tributyl (styryl) stannane (ca. 10:1 mixture of E:Z; 

3'-Carboethoxy-2-methoxy-l,l'-biphenyl-6-acetaIde- see Labadie, J. W-; Stille, J. K. J. Attu Chem. Soc. 1983, 
hyde (22) (3.30 g. crude, from Example 16) is oxidized 65 105, 6129-6137) (0.332 g., 0.845 mmol) is coupled with 

following the general procedure of Example 4 to afford triflate 26 (0.259 g., 0.563 mmol; from Example IS) via 

crude 3'-carboethoxy-2-methoxy-l,l'-bipheny]-6-acetic heating at 110* C. for 20 minutes following the general 

acid (23) (3.78 g.), which is of suitable purity for use in method of Example 3 to afford (after chromatography 
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on silica gel using 20% EtOAc/hexane) a 10:1 mixture 13c N MR (75 MHz, CDCI3) S 171.68 (C=0), 166.44 

of (E) and (Z) 2-styryl-6-ethoxycarbonylinethyl-l,l'- (C=0), 144.46, 143.85, 140.83, 140.57, 139.90, 137.92, 

biphcnyl-3'-carboxyKc acid, ethyl ester (27a) (0.221 g., 136.78, 134.47, 132.50, 130.78, 130.45, 128.62, 128.49. 

0^34inmol, 95%). A second chromatographic purifica- 128.44, 128,26, 127.41, 126.51, 126.24, 123.94, 123.12, 

tion utilizing a gradient elution of EtOAc/hexane is S 60.97, 60.76, 39.49, 35.10, 34.99, 34.18, 34.01, 31.74, 

necessary to separate the isomers: Data for E-27a: »H 17.24, 14.29, 14.09; IR (fflm) 2960, 2928, 1722, 1462, 

NMR(300MHz,CDCl3)S8.12(ddd,J=2,2, 8Hz, IH, 1366, 1298, 1240, 1158, 1110, 1034, 752 cm-i; MS 

ArH), 7.91 (dd, J=2, 2 Hz, IH, ArH), 7.72 (d, J = 8 Hz, (DCI) m/e 539 (MH+), 493 (M-C2H5O). Anal. Calcd 

IH, ArH), 7.52 (dd. J=8, 8 Hz, IH, ArH), 7.40 (m, 2H, for C36H42O4.I-25 H2O: C, 77.04; H, 7.99. Found: C, 

ArH), 7.29 (dd, 1=2, 8 Hz, IH, ArH), 7.23 (m, 5H, 10 76.79; H, 7.65. 

ArH), 6.99 (d, J=:17 Hz, IH, CHb=C), 6.66 (d, J=17 3'-Carboethoxy-(E)-2-[(5,6,7,8-tetrahydro-5,5,8,8,- 

Hz, IH, CH^=C), 4.39 (q, J=7 Hz, 2H, CO2CH2). 4.04 tetramethyl-2-naphthalenyl)-l-propenyll-[l,r- 

(q, J=7 Hz, 2H, CO2CH2), 3.40 (s, 2H, ArCHa), 1.37 (t, biphenyI]-6-acetic acid, ethyl ester (27b) (0.476 g., 0.885 

J=7 Hz, 3H, CO2CH2CH3), 1.15 (t, J =7 Hz, 3H, ramol) is hydrolyzed according to the general proce- 

CO2CH2CH3). Data for Z-27a: ^H NMR (300 MHz, 15 dure of Example 7 to yield 3'-carboxy-(E)-2-[(5,6,7,8- 

CDCI3) 6 8.03 (ddd, J=2, 2, 8 Hz, IH, ArH), 7.86 (dd, tetrahydro-5,5,8,8,-tetramethyl-2-naphthaIenyl)-l- 

J=2, 2 Hz, IH, ArH), 7.43 (dd, J=8, 8 Hz, IH, ArH), propenyl]-[l,l'-biphenyl]-6-acetic acid (28b) (0.380 g., 

7.37 (ddd, J=2, 2, 8 Hz, IH, ArH), 7.24-7.15 (m, 8H, 0.788 mmol, 89%): crystallized from CHaCVpentane; 

ArH), 6.34 (d, J=12 Hz, IH, CH=C), 6.16 (d, J=12 mp=253.5''-255.5° C; UVm« (EtOH) 210 nm 

Hz, IH, CH=C), 4.37 (q, 1=7 Hz, 2H, CO2CH2), 4.04 20 (€=38336), 276 nm (€=15928); ^H NMR (300 MHz, 

(q, J=7 Hz, 2H, CO2CH2), 3.42 (s, 2H, ArCH2), 1.35 (t, DMSO-de) S 7.95 (d, J = 8 Hz, IH, ArH), 7.70 (s, IH, 

J=7 Hz, 3H, CO2CH2CH3), 1.16 (t, J=7 Hz, 3H, ArH),7.56(dd. J=8, 8Hz, IH, ArH), 7.43-7.29 (m,4H, 

CO2CH2CH3). ArH), 7. 17 (d, J = 8 Hz, IH, ArH), 6.91 (d, J = 8 Hz, IH, 

(E) 2-Styryl-6-ethoxycarbonylmethyM,l'-biphenyl- ArH), 6.85 (d. 3=2 Hz. IH. ArH), 6.15 (s, IH, 0=CH), 

3'-carboxyUc acid, ethyl ester (E-27a) (0.123 g., 0.297 25 3.36 (s, 2H, ArCH2), 2.06 (s, 3H, CH3), 1.56 (s, 4H, 

mmol) is hydrolyzed according to the general proce- CH2CH2). 1.16 (s, 6H, 2XCH3), 1,08 (s, 6H, 2XCH3); 

dure of Example 7 to yield (E) 2-styryl-6-carboxymeth- l^C NMR (75 MHz, DMSO-dg) e 172.46 (C=0), 167.09 

yl-l,r-b!phfinyl-3'-carboxylic acid (28a) (0.091 g., 0.254 (C=0), 144.01, 143.48, 140.57, 140.23, 139.53, 136.69, 

mmol, 86%): <*iomatographed on reverse-phase C-18 136.30, 133.92, 133.15, 130.66, 130.52, 129.13, 128.56, 

siKca gel using water/raethanol as eluent, then crystal- 30 128.14, 127.87, 127.25, 126.22, 125.98, 123.32, 122.95, 

lized from CH2Cl2/pentane; UV^ (EtOH) 206 nm 34.58, 34.48, 33.74, 33.67, 31.47, 17.00; IR (KBr) 3422, 

(€=27755), 228 nm (c=26398), 302 nm (e = 22153); iH 2964, 2926, 1698, 1460, 1432, 1406, 1292, 1258, 748 

N MR (300 MHz, CD3OD) S 8.09 (d, J = 8 Hz, IH, cm-i; MS (DCI) m/e 483 (MH+), 465 (M-OH). Anal. 

ArH), 7.87 (s, IH, ArH), 7.74 (d, J=8 Hz, IH, ArH), Calcd for C34H34O4.O.25 H2O: C, 78.90; H, 7.13. Found: 

7.58 (dd, J=8, 8 Hz, IH, ArH), 7.39 (m, 2H, ArH), 7.29 35 C, 78.84; H, 7.10- 
(d, J=8 Hz, IH, ArH), 7.17 (m, 5H, ArH), 7.00 (d. Synthesis of 28c: 

J«tl6 Hz, IH. C=CH), 6.65 ( d, J=16 Hz, IH, 2-Bromo-5,5,8,8-tetramethyl-5,6,7,8-tetrahydroan- 

C==CH), 3.39 ( s, 2H, ArCHz); ^^C NMR (75 MHz, thracene (2.03 g., 6.42 mmol) (for a synthesis of this 

CD3OD) S 175.39 (C=0), 169.62 (C=0), 141.62, bromide see: Dawson, M. I., Hobbs, P. D., Dorsky. A., 

140.87, 138.73, 137.68, 135.89, 134.75, 132,35, 130.99, 40 Morimoto, H., J. Labelled Compounds and Radiophar- 

130.93, 129.89, 129.70, 129.64, 129.15, 128.64, 128.05, maceuticals 1990, 28, 89) is converted to 2-tributylstan- 

127-36, 125.19, 40.13; IR (KBr) 3422, 2922, 1700, 1410, nyl-5,5,8,8-tetramethyl-5,6,7,8-tetrahydroanthracene 

1306, 1258, 744 cm-i; MS (DCF) m/e 359 (MH+), 358 (3.28 g., 6,22 mmol, 97%) via the method of Example 2 

(M+), 341 (M-OH), Anal, Calcd for C23H18O4.O.25 (Procedure B): chromatographed on silica gel using 

H2O: C, 76.12; H, 5.14. Found: C, 76.27; H, 5,14, 45 hexane, then CH2Cl2/hexane as eluent to yield a clear 

Synthesis of 28b: oil; ^H NMR (300 MHz, CDCI3) S 7.82 (s, IH, ArH), 

As described above for 28a, stannane 9 (0.860 g„ 1.66 7.74 (s, 2H, ArH), 7.67 (d, J=8 Hz, IH. ArH), 7.41 (d, 

mmol; from Example 9) is coupled to triflate 26 (0.302 J=S Hz, IH, ArH). 1.76 (s. 4H, CH2CH2), 1.57 (m, 6H, 

g., 0.657 mmol; fram Example 18) by the method of butyl). 1.35 (m, 18H, 4XCH3 and butyl), 1.09 (m, 6H, 

Example 3. After heating at 110* C. for 15 minutes the 50 butyl), 0.88 (m, 9H, butyl); ^^C NMR (75 MHz, CDCI3 

reaction is incomplete as judged by thin-layer chroma- ) 8 144.18, 144.10, 138.24, 135.81, 132.28, 131.77. 131.63, 

tography. The bath temperature is raised to 130' C, and 125.99, 124.79, 124.54, 35.15, 34.60, 34.57, 32.57, 30.83, 

heating is continued for another 10 minutes to complete 29.45, 29.03, 27.73, 27.43, 13.74, 9.60, 7,88; IR (film) 

the reaction. 3'-Carboetlioxy-(E)-2-K5,6,7,8-tetrahydro- 2956, 2926, 2870, 2854, 1462, 1376, 1362 cm-i; MS 

3,5,8,S,-tetramethyl-2-naphthaIenyl)-l-piopenyl]-[l,l - 55 (DCI) m/e 529 (MH+). 

biphenyl]-6-acetic acid, ethyl ester (27b) (0.309 g., 0.574 2-Tributylstannyl-6,6,9,9-tetramethyl-6,7,8,9-tetrahy- 

nmiol, 87%) is obtained as a clear oil: chromatographed dro-anthracene (0.775 g., 1.47 mmol) is coupled to tri- 

on siUca gel using EtOAc/hexanc^ UVmow (EtOH) 208 flate 26 (0.451 g., 0,980 mmol) by the method of Exam- 

mn (€=30099), 276 nm (e= 13855); IH NMR (300 MHz, pie 3 to provide 3'-carboethoxy-2-[(l,2,3,4-tetrahydro- 

CDCI3) 8 8.04 (ddd, J=2, 2, 8 Hz, IH, ArH), 7.87 (dd, 60 l,l,4,4-tetramethyl)-6-anthracenyl]-[l,l'-biphenyl]-6- 

J=2, 2 Hz, IH, ArH), 7.46 (dd, J=8, 8 Hz, IH, ArH), acetic acid, ethyl ester (27c) (0.355 g., 0.650 mmol, 

7.37 (m, 3H, ArH), 7.26 (dd, J=2, 8 Hz, IH, ArH), 7.15 66%) as a clear oil: chromatographed on silica gel using 

(d, J = 8 Hz, IH, ArH), 6.96 (d, J=2 Hz, IH, ArH), 6.92 EtOAc/hexane; \rVmax (CHCI3) 244 nm (€=37190); ^H 

(dd, J=2, 8 Hz, IH, ArH), 6.26 (s, IH, C=CH). 4.33 (q, NMR (300 MHz, CDCI3) 8 7.86 (d, 1=2 Hz, IH. ArH), 

J=7 Hz, 2H, CO2CH2), 4.02 (q, 5=1 Hz, 2H, CO2CH2), 65 7.84 ( ddd, J=2, 2, 8 Hz, IH, ArH), 7.65 (s, IH, ArH), 

3,43 (s, 2H, ArCH2), 2.11 (s, 3H, CH3), 1-61 (s, 4H, 7.62 (s. IH, ArH), 7.57 (s, IH, ArH), 7.38 (m, 4H, ArH), 

CH2CH2), 1-34 (t, J=7 Hz, 3H, CO2CH2CH3), 1,22 (s, 7.22 (m, 2H. ArH), 6.88 (dd, J«2, 8 Hz, IH, ArH), 4.28 

6H, 2XCH3), 1.15 (m, 9H, CO2CH2CH3 and 2XCH3); (m, 2H, CO2CH2), 4.03 (q. J=7 Hz, 2H, CO2CH2), 3.51 
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(d. J=16 Hz. IH, ArCH2C02), 3.43 (d, J=16 Hz, IH, 
ArCHaCOaX 1-73 (s, 4H, CH2CH2), 1.36 (s, 3H, CH3), 
1.35 (s, 3H, CH3), 1.33 (s, 6H, 2XCH3), 1.29 (t, 3=7 Hz, 
3H, CO2CH2CH3), 1.15 (t, J = 7 Hz, 3H, CO2CH2CH3); 
13c NMR (75 MHz, CDCI3) 5 171.72 (C=0), 166.48 5 
(0=0), 144.36, 144.29, 142.22, 139.81, 139.64, 138.24, 
135.12, 133.06, 131.49, 130.26, 129.99, 129.73. 129.48, 
128.01, 127.88, 127.82, 127.36, 126.00, 124.95, 124.53, 
60.89, 60.81, 39.73, 35.06, 34.54, 32.49, 14.24, 14.10; IR 
(film) 2960, 2926, 2860, 1734, 1720, 1462, 1298, 1232, 10 
1110 cm-l; MS (OCT) m/e 549 (MH+), 503 (M- 
C2H5O). 

3'-Carboethoxy-2-[(l,2,3,4-tetraliydro- 1, 1,4,4-tet- 
ramethyJ)-6~anthracenyl]-[l , 1 '-biphenyl]-6-acetic acid, 
ethyl ester (27c) (0.225 g., 0.405 mxnol) is hydrolyzed 15 
accozding to the g^eral procedure of Example 7 to 
yield 3'-carboxy-2-[(l,2,3,4-tetrahydro-l,l,4,4-tetrame- 
thyl)-6-anthracenyl]-[l,l'-biphenyl]-6-acetic acid (28c) 
(0.113 g., 0.230 mmol, 57%) as a white solid: crystal- 
lized from CH2Ci2/pentane; mp=235''~240"' C; UV;^ 20 
(CHCi3) 242 nm (e= 39630); 'H NMR (300 MHz, 
CDCI3) S 7.86 (ddd, J=2, 2, 8 Hz, IH, ArH), 7.81 (s, 
IH, ArH), 7.64 (s, IH, ArH). 7.63 (s, IH, ArH), 7.56 (s, 
IH, ArH), 7.46-7.33 (m, 6H, ArH), 7.02 (dd, J =2, 8 Hz, 
IH, ArH), 3.54 (d, J=16 Hz, IH, ArCH2C02), 3.47 (d. 25 
J=16 Hz, IH, ArCHaCOa), 1-73 (s, 4H, CH2CH2), 1.36 
(s, 3H, CH3), 1.34 (s, 6H, 2XCH3), 1.26 (s, 3H, CH3); 
13C NMR (75 MHz, CDCI3) S 178.87 (0=0), 172.12 
(C==0), 144.46, 144.38, 142.18, 140.04, 139.58, 137.66, 
135.03, 132.95, 132.67, 131.39, 130.31, 130.00, 128.90, 30 

128.35, 128.12, 127.23, 126.15, 124.98, 124.51, 40.90, 
35.04, 34.53, 32.49, 29.71; IR (KBr) 3420, 2960, 2926, 
1704, 1298, 1248, 750 cm-»; MS (DCI) m/e 493 
(MH+), 475 (M-OH). Anal. Calcd for C33H32O4A75 
H2O: C, 78,31; H, 6.67. Found: C, 78.32; H, 6.41. 35 

Example 20: Synthesis of I>ia(»ds 30a-c 

A. Synthesis of Diesters 29a-c 

Alcohol 12c (0.987 g., 3.55 mmol; from Example 8) 
and phenol 25 (1.28 g., 3.90 mmol; from Example 18) 40 
are coupled using the method of Example U to afford 
2-K3,4-bispentyloxy)phenyl]-methoxy-3'-carboethoxy- 
[l,r-biphenyl]-6-acetic acid, ethyl ester (29a) (0.957 g., 
1.62 mmol, 46%) as a clear oil: chromatographed on 
silica gel using CHaCla/hexane; XJVmax (EtOH) 208 nm 45 
(c=53224), 280 mn (e=6773); NMR (300 MHz, 
CDCI3) S 8.05 (dd, J=2, 8 Hz, IH, ArH), 7.97 (s, IH, 
ArH), 7.46 (m, 2H, ArH), 7,32 (dd. J=8, 8 Hz, IH, 
ArH), 7.03 (d, J = 8 Hz, IH, ArH), 6.97 (d, 1 = 8 Hz, IH, 
ArH), 6.75 (d, J = 8 Hz, IH, ArH), 6.68 (dd, J =2, 8 Hz, 50 
IH, ArH), 6.60 (s, IH, ArH), 4.93 (s, 2H, ArCH20), 
4.37 (q, J = 7 Hz. 2H, CO2CH2), 4.06 (q, J=7 Hz, 2H, 
CO2CH2), 3.93 (t, J=6 Hz, 2H, OCH2R), 3.76 (t, J = 6 
Hz, 2H, OCH2R), 3.42 (s, 2H, ATCH2CO2), i.82-0.93 
(m, 24 H, pentyl and 2XCO2CH2CH3); ^^C NMR (75 55 
MHz, CDCI3) 6 171.45 (<>^), 166.45 (C>=0), 156.11, 
149.19, 148.37, 137.26, 134.90, 134.14, 131.32, 131.12, 

130.36, 129.71, 128.76, 128.28, 128.03. 122.85, 118.82, 
113.55, 111.93, 111.75, 7a80, 69.31, 68.83, 60.92, 60.73, 
39.21, 29.01, 28.96, 28.31, 22.53, 14.33, 14.08; IR (KBr) 60 
2930, 2955, 1720 (G=0), 1585, 1510, 1465, 1260, 1230 
cra-i; MS (DCI) m/e 591 (MH+), 525, 263. Anal. 
Calcd for C36H46O7.O.I CH2CI2: C, 72.24; H, 7.80. 
Found: C, 72.50; H, 8.25. 

For 2-[(3,4-biscyclopentyloxy)phenyl]methoxy-3'- 65 
carboethoxy-[l,r-biphenyl]-6-acetic acid, ethyl ester 
(29b): From alcohol 12d (see Example 8) and phenol 25 
(see Example 18); scale=1.19 mmol, yield =57%; chro- 


matographed on sUica gel using CH2Cl2/hexan^ 
UVmax (EtOH) 208 nm (e=: 56239), 282 nm (£=6164); 
IH NMR (300 MHz, CDCI3) 6 8.04 (dd, J=2, 5 Hz. IH, 
ArH), 7.96 (s, IH, ArH), 7.48 (d, J = 5 Hz, 2H, ArH), 
7.31 (dd, J=8, 8 Hz, IH, ArH), 7.02 (d, J=8 Hz, IH, 
ArH), 6.96 (d, J=8 Hz. IH, ArH), 6.78 (d, J=8 Hz, IH, 
ArH), 6.67 (d, J=8 Hz, IH, ArH), 6.60 (s, IH, ArH). 
4.91 (s, 2H, ArCH20), 4.69-4.40 (m, 2H. 2XR2CHOR), 
4.35 (q. J=7 Hz, 2H, CO2CH2), 4.05 (q, J=7 Hz, 2H, 
CO2CH2), 3.41 (s, 2H, ArCH2C02), 1.96-1.52 (ra, 16H, 
cyclopentyl), 1.35 (t, J=7 Hz, 3H, CO2CH2CH3); 1.15 
(t, J=7 Hz, 3H, CO2CH2CH3); 13c NMR (75 MHz, 
CDCI3) 5 171.51 (C=0), 166.51 (C=0), 156.10, 148.88, 
148.20, 137.18, 134.92, 134.12, 131.23, 131.06, 130.31. 
129.87, 128.71, 128.27, 128.01, 122.78, 119.13, 116.61, 
115.07, 111.71, 81.14, 81.08, 70.08, 60.91, 60.74, 39,20, 
32.76, 32.71, 23.89, 23.83, 14.31, 14.06; IR (KBr) 2960, 
1730 (C=0), 1720 (C=0), 1580, 1505, 1425, 1260, 1230 
cm-h MS (DCI) m/e 587 (MH+), 586 (M), 519, 259. 
Anal. Calcd for C36H42O7.O.I H2O: C, 72.73; H, 7.10. 
Found: C, 73.02; H, 6.69. 

For 3'-carboethoxy-2-[4-decyloxyphenyl]methoxy- 
[l,l'-biphenyl]-6-acetic acid, ethyl ester (29c): From 
alcohol 12k (see Example 10) and phenol 25 (see Exam- 
ple 18); scale=0.958 mmol, yield=44%; chromato- 
graphed on silica gel using CH2Cl2/hexane; ^H NMR 
(300 MHz, CDCI3) 8 8.07 (dd, J=2, 8 Hz, IH, ArH), 
7.98 (s, IH, ArH), 7.49-7.47 (m, 2H, ArH), 7,31 (dd, 
J =8, 8 Hz, IH, ArH), 7.08-6.80 (m, 4H, ArH), 6.77 (d, 
J=8 Hz, 2H, ArH), 4.94 (s, 2H, ArCH20), 4.38 (q, J=7 
Hz, 2H, CO2CH2), 4.07 (q, J=7 Hz, 2H, CO2CH2), 3.94 
(t, J=Hz, 2H, OCH2R), 3.43 (s, 2H, ArCH2C02), 1.76 
(m, 2H, OCH2CH2R), 1.38 (t, J=7 Hz, 2H, 
CO2CH2CH3), 1.28 (s, 14 H, R(CH2)7CH3), 1.20 (t, J=7 
Hz, 3H, CO2CH2CH3), 0.90 (t, J=7 Hz. 3H, RCH3); 
13c NMR (75 MHz. CDCI3) 6 171,54 (C==0), 158.61, 
156.12, 137.03, 134.87, 134.08, 131.39, 130.25, 128.81. 
128.70, 128.35, 128.18, 128.06, 122.82, 114.25, 111.90, 
70.12, 67.93, 60.76, 39.22. 31.92, 29.59, 29.42, 29.36, 
29.28, 22.72, 14.38, 14.18, 14.10. 

B. Sjmthesis of Diacids 30a-c from Diesters 29a-c 

2-[(3,4-Bispentyloxy)phenyl]methoxy-3'-carboe- 
thoxy-l,l'-biphenyl]-6-acetic acid, ethyl ester (29a) 
(0.295 g., 0.50 mmol) is hydrolyzed according to the 
general procedure of Example 7 to yield 2-[(3,4-bispen- 
tyioxy)phenyl]methoxy-3'-carboxy-[l , 1 '-biphenyl]-6- 
acetic acid (30a) (0.131 g., 0.245 mmol, 49%) as a white 
solid: chromatographed on reverse-phase C-18 silica gel 
using methanol; mp= 105°-106° C; ITVmax (EtOH) 208 
nm (€ = 52348), 280 nm (e=6237); IH NMR (300 MHz, 
CDCI3) 6 8.03 (d. J =2 Hz, IH, ArH), 8.01 (s, IH, ArH) 
, 7.52-7.46 (m, 2H, ArH), 7.34 (dd, J = 8, 8 Hz, IH, 
ArH) , 7.04 (d, J=8 Hz, IH, ArH), 6.98 (d, J- 8 Hz, IH, 
ArH), 6.70 (d, J=8 Hz, IH, ArH), 6.63 (dd, J = 2, 8 Hz, 
IH, ArH), 6.59 (s, IH, ArH), 4.94 (s, 2H, ArCHaO). 
3.95-3.69 (m, 4H, 2XRCH2O), 3.48 (s, 2H, ArCH- 
2CO2H), 1.79-0.88 (m, 18H, pentyl); i^c NMR (75 
MHz, CDCI3) S 178.72 (C=0), 172.28 (C=0), 156.11, 
149.22, 148.36, 137.28, 134.84, 133.90, 132.71, 131.07, 
129.54, 129.10, 128.61, 123.34, 118.84, 113.54, 112.30, 
111.82, 70.05. 69.33, 68.77, 40.24, 28.89, 28.18, 22.46. 
14.03; IR (KBr) 3550 (OH), 2950, 2925. 1700 (C^^), 
1570, 1530. 1250 cm-i; MS (DCI) m/e 535 (MH+), 517 
(M— OH), 273, 263. 255. Anal. Calcd for C32H38O7.O.75 
H2O: C, 78.05; H, 7.27. Found: C, 71.09; H, 7.07. 


61 


5,391,817 


62 


For 2-[(3,4-biscyclopentyloxy)phenyl]metlioxy-3'- 
carboxy-[l,r-biphenyl]-6-acetic acid (30b): sea- 
le=0.456 mmol, yield=65%; chromatographed on re- 
verse-phase C-18 silica gel using methanol; 
nip=146''-i48* C; UV^rc (EtOH) 206 nm (c=61S30), 
282 nm (e=r5781); NMR (300 MHz, CDCI3) 6 8.04 
(d, J=8 Hz, IH, ArH), 8.01 (s, IH, ArH), 7.54-7.45 (m, 
2H, ArH), 7-34 (dd, J=8, 8 Hz, IH, ArH), 7.03 (d, J=8 
Hz, IH. ArH), 6.98 (d, J=8 Hz, IH, ArH), 6.76 (d, J=8 


To all of the above benzyl chloride in acetone (30 
mL) is added sodium iodide (1.70 g., 10.0 mmol, 2.90 
equiv.) and potassium carbonate (0.450 g., 10.5 mmol, 
3.04 equiv.). The mixture is allowed to stir for 18 hours 
at room temperature. The solv^ts are evaporated, and 
the residue extracted twice with EtOAc. The extracts 
are washed with water and then brine. The organic 
phase is dried (MgS04), and concentrated to afford 
4-[l-adamantyl]-3-methoxybeiizyl iodide (18b) (1-10 g.. 


Hz, IH, ArH), 6.66 (d, J=8 Hz, IH, ArH), 6.61 (s, IH, 10 2.88 mmol, 84%): mp=143''-144' C; ^H NMR (300 


ArH), 4.94 (s, 2H, ArCHjO), 4.67-4.48 (m, 2H, 
2XR2CHOR), 3.47 (s, ArCHiCOz), 1.80-1.54 (m, 16H, 
cyclopentyl); l^c NMR (75 MHz, CDCI3) S 178.71 
(C=0), 172.26 (C=0), 156.11, 148.88, 148.23, 137.26, 
134.85. 13a90. 132.64. 131.04, 129.71, 129.12, 129.10, 
128.60, 123.31, 3.19.16, 116.57, 114.97, 112.27, 111.47, 
81.13, 80.56, 70.02, 40.21, 32.69, 23.87; IR (KBr) 3400 
(OH), 2950, 2840, 1690 (C=0), 1580, 1510, 1260 cm- »; 
MS (DCI) m/e 531 (MH+), 530 (M+), 509, 445 
CsHt^O), 395, 273, 255. AnaL Calcd for 
C32H34O7.I.5 H2O: C. 68.93; H, 6.50. Found: C, 69.02; 
H, 6.10. 

For 3 '-carboxy-2-[4-decyloxyphenyl]methoxy-[ 1,1'- 
biphenyl]-6-acetic acid (30c): scale =0.598 mmol, 
yield=69%; chromatographed on silica gel using 
CH2CI2, then 10% methanol/CH2Cl2: mp=130°-13r 
C; JJVmax (EtOH) 204 nm (c= 39538), 224 mn 
(€=31401), 280 nm (€ = 4138); ^H NMR (300 MHz, 
CDCI3) 6 8.03 (d, J= 8 Hz, IH, ArH), 8.00 (s, IH, ArH), 
7.55-7.45 (m, 2H, ArH), 7.34 (dd, J = 8, 8 Hz, IH, ArH), 
7.05 (d, J=8 Hz, IH, ArH), 7.02-6.94 (m, 3H, ArH), 
6.67 (d, J=8 Hz, IH, ArH), 6,57 (s, IH, ArH). 4.98 (s, 
2H, ArCH20), 3.90 (t, J=7 Hz, 2H, ArOCHzR), 3.36 (s, 
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MHz, CDCI3) S 7.25 (d. J=7 Hz. IH, ArH), 6.95 (d, 
J=7 Hz, IH, ArH), 6.85 (s, IH, ArH). 4.46 (s, 2H, ArC- 
H2I). 3.85 (s, 3H, OCH3), 2.07 (s, 9H, adamantyl), 1.77 
(s, 6H, adamantyl) . 

Phenol 25 (0.656 g., 2.00 mmol, 1 equiv.; from Exam- 
ple 18) is dissolved in 15 mL of methyl isobutyl ketone. 
4-[l-Adamantyl]-3-methoxybenzyl iodide (18b) (0.766 
g., 2.00 mmol, 1 equiv.) and potassium carbonate (1.00 
g., 7.2 mmol, 3.6 equiv.) are added and the mixture is 
heated to reflux for 5 hours. The solvents are evapo- 
rated and the residue is dissolved in methylene chloride. 
This solution is w^hed with water and brine, then dried 
(MgS04), and concentrated. The crude material is chro- 
25 matographed on silica gel using 50% CH2Cl2/hexane to 
afford 3'-carboethoxy-2-[4-(l-adamantyl)-3-methoxy- 
phenyl]methoxy-[l,r-biphenyl]-6-acetic acid, ethyl 
ester (29d) (0.725 g., 1.24 mmol, 62%): IH NMR (300 
MHz, CDCI3) 8 8.06 (dd. J =2, 8 Hz, IH, ArH), 7.98 (s, 
IH, ArH), 7.50-7.47 (m, 2H, ArH), 7.33-6.97 (m, 4H, 
ArH), 6.69 (dd, J=2, 8 Hz, IH, ArH), 6.57 (d, J=2 Hz, 
IH, ArH), 4.97 (s, 2H. ArCHiO), 4.38 (q, J=7 Hz, 2H. 
(X^CHa), 4.03 (q, J=7 Hz, 2H, CO2CH2), 3.59 (s, 3H, 
CH3O), 3.41 (s, 2H, ArCH2C02), 2.03 (s, 9H, adaman- 
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2H, ArCHaCOz), 1.80-1.67 (m, 2H, OCH2CH2R), 35 tyi), 1.75 (s, 6H, adamantyl), 1.40 (t, J=7 Hz, 3H, 
" " ' ^ s - - - - Tx_ .rr CO2CH2CHJ), 1.16 J=7 Hz, 3 Hz, C02CH2C^); l^C 

NMR (75 MHz. CDCI3) S 171.48 (C=0), 166.54 
(C=0), 158.84, 156.13, 137.62, 137.33, 135.74, 134.91, 
134.21. 131.31, 131,05, 130.44, 128.82, 128.33, 128.14, 
126.27, 122,82, 118.09, 111.49, 109.54, 69.75, 60.97, 
60.77, 54.82, 40.55, 39.23, 37.13, 36.80. 29.09, 14.38. 
14.12. 

3'-Carboethoxy-2-[4-( 1 -adamantyl)-3-methoxy- 
phenyl]methoxy-[l,r-biphenyI]-6-acetic acid, ethyl 
ester (29d) (0.510 g., 0.87 mmol) is hydrolyzed accord- 
ing to the genei:^ procedure of Example 7 (heat to 
reflux 5 hours) to yield 3'-carboxy-2-[4-(l-adamantyl)-3- 
raethoxypheayl]methoxy-[l , 1 '-biphenyl]-6-acetic acid 
(30d) (0.368 g., 0.700 mmol, 81%): chromatographed on 
siHca gel using 10% MeOH/CH2Cl2: mp=240''-242° 
C; UVtoec (EtOH) 206 nm (c=47130), 280 nm 
(6=3760^ IH NMR (300 MHz, CDCI3) S 8.03 (d, J=8 
Hz, IH, ArH) , 8.01 (s, IH, ArH), 7.55-7.45 (m, 2H, 
ArH), 7.34 (dd, J = 8, 8 Hz, IH, ArH), 7.05 (d, J=8 Hz, 
IH, ArH), 7.00 (d, J=8 Hz, IH, ArH), 6.94 (d, J=8 Hz, 
IH. ArH) , 6-65 (d, J=8 Hz, IH, ArH), 6.56 (s, IH, 
AtH) , 4.99 (s. 2H, ArCH20), 3.55 (s, 3H, CH3O), 3.47 
(s, 2H, ArCH2C02). 1.99 (s, 9H, adamantyl ) , 1.71 ( s. 


1.51-1.20 (m, 14H, R (CH2)7CH3), 0.90 (t, J=7 Hz, 3H, 
CH3C); 13C NMR (75 MHz, CDCI3) S 178.20 (Cr=0), 
172.19 (C=0), 158.66, 156.21, 137.10, 134.80, 133.90, 
132.72, 131,26, 129.20, 129.06, 128.98, 128.84, 128,71, 
128.59, 128.19, 123.32, 114.55, 114.33, 112.51, 70.20, 40 
65.09, 40.09, 31.88, 29.55, 29.39, 29.31, 29.24, 26.16, 
22.67, 14.11; IR (KBr) 3400 (OH), 2950, 2850, 1710 
(C=0), 1690 (C=0), 1580, 1510, 1250 cm-1; MS 
(DCI) m/e 510 (M+), 273. 255. 247. Anal. Calcd for 
C32H3806.H20: C, 71.62; H, 7.51. Found: C, 71.84; H, 45 
7.26. 

Example 21: Synthesis of Diacnd 30d 
Alcohol 12g (1.00 g., 3.68 mmol. 1 equiv.; from Ex- 
ample 10) is dissolved in 7 mL of dimethylformamide. 50 
Collidine (0,530 g., 4,40 mmol, 1.2 equiv.) and lithium 
chloride (0.336 g., 8.00 mmol, 2.17 equiv.) are then 
added. The mixture is then cooled to 0' C. and mesyl 
chloride (0.506 g., 4.40 mmol, 1.2 equiv.) is added drop- 
wise. The mixture is allowed to warm to room tempera- 55 
ture and stirred 1.5 hours. The reaction mixture is parti- 
tioned between water and EtOAc. The aqueous phase is 
extracted twice with EtOAc, and the combined extracts 
are washed with water, 10% aqueous CuS04 solution 


and then brine. The organic phase is dried (MgS04), 60 6H, adamantyl); l^c NMR (75 MHz, CDCI3) B 173.73 


and concentrated to afford 4-[l-adamantyl]-3-methoxy- 
benzyl chloride (1.00 g., 3.45 mmol, 94%): mp=77"-78" 
C; IH NMR (300 MHz, CDCI3) S 7.24 (d, J=7 Hz. IH, 
ArH), 6.97 (d, J=7 Hz, IH, ArH), 6.94 (s, IH, ArH), 
4.60 (s, 2H, ArCH2Cl), 3.88 (s, 3H, OCH3), 2.12 (s, 9H, 
adamantyl), 1.81 (s, 6H, adamantyl); i^C NMR (75 
MHz, CDCI3) S 159.05, 138.93. 136.04, 126.86, 120.61, 
111.80, 55.01, 46.38, 40.59. 37.19, 29.17. 


(C=0), 168.55 (C=0 ), 158.76, 155.95, 137.44, 137.20, 
135.73, 134,69. 134.46, 131.57, 130.66, 128.61. 128.43, 
127.99, 126.14, 122.88, 118.01, 111.25, 109.48, 69.62, 
54.83, 40.45, 40.23, 39.95, 39.67. 38.88, 37.03, 36.68, 
65 28.96; IR (KBr) 3400 (OH), 2920, 1720 (C=0), 1680 
(C=0), 1560, 1523, 1250 cm-i; MS (DCI) m/e 527 
(M+). 255. Anal. Calcd for C33H34O6.I.33 HaO; C. 
71.98; H. 6.70. Found: C, 71.89; H. 6.29. 
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1 o-, c Qn„ * NMR (75 MHz, CDCI3) 6 178,77 (C=0), 172.37 

Example 22: Synthesis of Diacids 30e-f (0=0), 156.30, 144.88, 144.13, 137.24, 134.77, 133.91, 

2-(5,5,8,8-Tetramethyl-5,6,7,8-tetrahydro-2-naph- 133.76, 132.76, 131,08, 129.19, 129.11, 128.66, 126.38, 

thaIenyI)metlioxy-l,l'-biphenyI-6-acetaldehyde (32e, 124.56, 123.65, 123.21, 69.94, 40.22, 34.95, 34.11, 34.02. 

from Example 16) is oxidized according to the method 5 31.77, 31.60; IR (KBr) 3422, 2960, 2926, 1702, 1456, 

of Example 4 to afford 2-(5,6,7,8-tetrahydro-5,5,8,8-tet- 14 12, 1 300, 1258 cm- 1; MS (DCI) ra/e 473 (MH+), 455 

ramethyl-2-naphthalenyl)methoxy-[l,r-biphenyl]-6- (M-OH), 201 (C15H21+). Anal. Calcd for 

acetic acid (30e) (0.252 g., 0.59 mmol, 67% yield for two C30H32O5.O.33 H2O: C, 75.29; H, 6.88. Found: C, 75. 18; 

steps from 0.377 g. of 31e (see Example 16)): chromato- H, 6.74. 
graphed on silica gel using 5% MeOH/CH2Cl2 to af- 10 . 

ford a white solid; UV^ (MeOH) 206 nm (e= 44379), Experimental Procedures for Compounds of Type IC 
276 nm (€=2540); NMR (300 MHz, CDsOD) S and Type ID 

7.43-7.32 (m, 3H, ArH), 7.30-7.15 (m, 4H, ArH), 7.04 Example 23: Synthesis of Diacids 37a-c 

(m, 2H, ArH), 6.96 (d, J=8 Hz, IH, ArH), 6.88 (dd, ^ 1. *u n i» t.- i. n ^ u 

J=2. 8 Hz, IH, ArH). 4.91 (s, 2H, ArCHjO), 3.37 ( s, 15 , i-J^^^^^^dlS 

2H, ArSlaoS). 1.63 (s, 4H, CH2CH2), 1.21 ( 6H, aldehyde (4a) (0.852 g., 3.00 mmol 1 equivO is dissolved 

2XCH3). 1A2 (s, 6H, 2XCH3); i^c NMR (75 MHz, i",^^,^''*^'^!"^^' T^^^ dietliylphosphonoace- 

CD3OD) S 175.71 (G=:0), 157.46, 145.74, 144.95, tate <0 840g. 4.00 mmol, 133 eqmv) is 

138 55 135 64 135 60 133 67 131 29 130 93 129 35 tion of 25% by weignt sodium metnoxide m methanol 

129;i4; USAl, 12731; 125:84; 125:05; 124:05; 114:21; 20 (l;62g., 7.50 mmol, 2.5 equiv.) is added and the mixture 

1 12.83, 71.17, 39.65, 36.25, 36.20, 35. 16, 34.96, 32.25- IR s^tirrcd at room temperature for 18 hours. The mixture is 

(KBr) 3422, 2960, 2926, 1710, 1456, 1258, 1068, 702 partitioned between saturated aqueous ammonium chlo- 

cm-i; MS (DCI) m/e 429 (MH+), 428 (M+), 411 ™^ soliition and ethyl acetate. The aqueous phase is 

(M— OH), 201 (C15H21+). Anal. Calcd for extracted twice with ethyl acetate, and the combined 

C29H32O3.O.6 H2O: C, 79.27; H, 7.62. Found: C, 79.28; 25 extracts are washed with water and brine. The organic 

jj -7 44 phase is dried (MgS04), and evaporated. Hie crude 

2-(5.6,7,8-TetTahydro-5,5,8,8-tetramethyl-2-naph- material is chromatographed on silica gel using 

thalenyl)methoxy-3'-carboethoxy-l,l'-biphenyl-6- CH2Cl2/hexane to afford (E) and (Z) 2-methoxy-6-[me- 

acetaldehyde (32f, from Example 15) is oxidized ac- thyl(3-propenoate)]-l,r-biphenyl-3'-carboxylic acid, 

cording to the method of Example 4 to afford 3'-carboe- 30 methyl ester (33) (0.650 g., 2.01 mmol, 67%) as a > 10:1 

thoxy-2-(5,6,7,8-tetrahydro-5,5,8,8-tetramethyl-2-naph- ^5^"*^® ^ isomers: Data for E isomer: »H NMR 

thalenyl)methoxy-[l,r-biphenyl]-6-acetic acid (0.244 g., (300 MHz, CDCI3) 8 8.05 (m, IH, ArH), 7.93 (s, IH, 

0.49 mmol, 48% yield for two steps from 0.506 g. of ArH), 7.51-7.32 (m, 5H, ArH and C=CH), 7.00 (d, 

31f, see Example 15)): chromatographed on sUica gel J — ^ IH, ArH), 6.31 (d, J=16 Hz, IH, 0=CH), 

usiiig 35% EtOAc/hexane; UV^ax (CHCI3) 242 nm 35 3-90 (s, 3H, OCH3), 3.71 (s, 3H, CO2CH3), 3.68 (s, 3H, 

(e=8586), 278 nm (€=3144); IH NMR (300 MHz, OOiCHsife "c NMR (75 MHz, CDCI3) 6 167.01 

CDCI3) 8 8.04 (m, IH, ArH), 7.96 (s, IH, ArH), 7.46 (m, (0=0), 157.04, 143.06, 135.81, 135.23, 134.53, 131.83, 

2H, ArH), 7.32 (dd, J=8, 8 Hz, IH, ArH), 7.16 (d, J = 8 ^ 30.81, 129.99, 128.92, 128.71, 128.16, 119.46, 118.66. 

Hz, IH, ArH), 6.98 (m, 3H, ArH), 6.87 (dd, J = 2, 8 Hz, 1 12.06, 55.86, 52.05, 51.59. 

IH, ArH), 4.92 (s, 2H, ArCH20), 4.31 (q, J-=7 Hz, 2H, 40 (E) and (Z) 2-methoxy-6-[methyl(3-propenoate)]-l,l'- 

CO2CH2). 3.44 (s, 2H. ArCH2C02), 1.60 (s, 4H, biphenyl-3'-carboxylic acid, methyl ester (33) (2.40 g.. 

CH2CH2), 1.32 (t, J=7 Hz, 3H, CO2CH2CH3), 1.20 (s, 7.06 mmol, 1 equiv.; > 10:1 mixture of E:Z isomers) is 

6H, 2XCH3), 1.08 (s, 6H, 2XCH3); NMR (75 MHz, dissolved in 50 mL of ethanol and 10% palladium on 

CDCI3) S 176.98 (C=0), 166.53 (C=0), 156.30, 144.83, carbon (0.360 g„ 0.338 mmol, 5 mol %) is added. The 

144.09, 136.92, 134.77, 133,81, 133.26, 131.20, 130.45, 45 suspension is hydrogenated at 50 psi for 4 hours. An 

128.83, 128.56, 128-27, 126.39, 124.47, 123.65, 122.63, aliquot was taken, and the reaction judged to be only 

111.62, 70.02, 60.93, 38.54, 34.99, 34.14, 34.04, 31.80, 30% complete by NMR analysis. More catalyst (0.180 

31.66, 14.27; IR (fibn) 3240, 2960, 2926, 1716, 1456, g.. 0.169 mmol, 2.5 mol %) is added, and hydrogenation 

1298, 1258, 1232, 758 cm-i; MS (DCI) m/e 501 continued for another 18 hours. The analysis of an ali- 

(MH+), 483 (M — OH), 455 (M~C2H50), 201 50 qtiot at this time indicates the reaction is only 75% 

(Ci5H2i+). complete, and another portion of catalyst (0.200 g., 

3'TCarboethoxy-2-(5,6,7,8-tetrahydro-5,5,8,8-tet- 0. 1 88 mmol, 2.8 mol %) is added. After a further 5 hours 

ramethyl-2-naphthalenyI)methoxy-[l,r-biphenyl]-6- of hydrogenation, the reduction was complete. The 

acetic aitad as obtained adx>ve (0.207 g., 0.414 mmol) is suspension is filtered through celite, and the filter cake 

hydrolyzed via the method of l^ample 7 to yield 3'-car- 55 washed with ethanol. The filtrate is evaporated to dry- 

boxy-2- (5,6,7,8-tetrahydro-5,5,8,8-tetramethyl-2-naph~ ncss, and the residue filtered through a pad of silica gel 

thalenyl)methoxy-[l,r-biphenyl]-6-acetic acid (30f) using CH2CI2 to afford 2-methoxy-6-[methyl(3- 

(0.167 g., 0,354 mmol, 85%) as a white foam: chromato- propanoate)]-l,l'->biphenyl-3'-carboxylic acid, methyl 

graphed on reverse-phase C-18 silica gel using metha- ester (34) (2.10 g., 6.14 mmol, 87%): UV^o^ (EtOH) 206 

nol; \JVmax (CHCI3) 242 nm (e=9965), 278 nm 60 nm (€ = 32090), 280 nm (e= 3164); »H NMR (300 MHz, 

(€=3435); IH NMR (300 MHz, CDCI3) S8.02 (m, 2H, CDCI3) S 8.09 (d, J = 8 Hz, IH, ArH), 7.97 (s, IH, ArH), 

AxH), 7.51 (dd, J=8. 8 Hz, IH, ArH), 7.46 (ddd, J=2, 7.57-7.50 (m, 2H, ArH), 7.18 (d, J=8 Hz, IH, ARH), 

2, 8 Hz, IH, ArH), 7.33 (dd, J = 8, 8 Hz, IH, ArH), 7.14 6.80 (m, 2H, ARH), 3-95 (s, 3H, CO2CH3), 3.70 (s, 3H, 

(d,J=8Hz. IH, ArH),7.02(d, J = 8Hz, IH, ArH), 6.96 CO2CH3), 3.60 (s, 3H, OCH3), 2.91 (t, J=7 Hz, 2H, 

(d, J=8 Hz, IH, ArH), 6.93 (s, iH, ArH), 6.85 (dd, J-=2, 65 ArCH2CH2), 2.37 (t, J = 7 Hz, 2H, CH2CH2CO2); ^^C 

8 Hz, IH, ArH), 4.94 (m, 2H, ArCH20), 3.47 (s, 2H, NMR (75 MHz, CDCI3) S 173.12 (C=0), 167.13 

ArCH2C02), 1-57 (s, 4H, CH2CH2), 1,18 (s. 6H, (C=0), 156.97. 139.94, 137.30, 131.22. 131.13, 130.13. 

2XCH3), 1.05 (s. 3H, CH3), 1.03 (s, 3H, CH3); "C 129.73, 128.79, 128.27, 121.14, 108.87, 55.71, 52.09, 
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51.54, 34,94, 28.37; IR (KBr) 2950, 1740, 1720, 1589, 131.23, 130.42, 129.90, 128.78, 128.18, 121.47, 119.14, 

1470, 1300, 1260, 1235 cm-i; MS (E>C1) m/e 329 116.2, 115.03, 110.88, 81,06, 80.67, 69.98, 52.04, 51.50, 

(MH+), 311 (M-OH). Anal. Calcd for Ci9H20O5: C. 34.92, 32.89, 28.41, 24.06; IR (KBr) 2960, 1740 (C=0), 

69.50; H, 6.14. Found: C, 69.55; H, 6.28. 1725 (C=0), 1580, 1508, 1435, 1260, 1220 cm-1; MS 

2-Methoxy-6-[methyl(3-propanoate)]-l,l'-biphenyl- 5 (DCI) m/e 573 (MH+>, 572 (M), 517, 505, 259. Anal. 

3'-Carboxylic acid, methyl ester (34) (2.90 g., 8.48 mmol) Calcd for C35H40O7: C, 73.43; H, 6.99. Found: C, 73.07; 

is demethylated via the method of Example 6 to afford H, 6.70. 

2-hydroxy-6-[methyl(3-propanoate)]-l,l'-biphenyl-3'- For 2-[3,4-bis(pen.tyloxy)phenyl]methoxy-3'-car- 

carboxylic acid, methyl ester (35) (2.10 g., 6-40 mmol, bomethoxy-[l,r-biphenyl]-6-propanoic acid, methyl 

76%): chromatographed on silica gel using 10 ester (36c): scale=1.31 mmol, yield = 66%; chromato- 

CH2Cl2/hexane, th«i CH2Ci2, then 10% graphed on silica gel using CH2Cl2/hexane to afford a 

EtOAc/CH2Cl2; mp=98''-99" C; Wmax (mtOH) 206 clear oil; Wmax (EtOH) 206 nm (e= 52865), 280 nm 

nm (€=30901), 284 nm (€=3178); NMR (300 MHz, (e=4838); NMR (300 MHz, CDCI3) S 8.06 (ddd, 

CDCI3) 5 8.10-6.80 (m, 7H, ArH), 4.77 (s, IH, OH), J=2, 2, 8 Hz, IH, ArH), 7.94 (d, J=2 Hz, IH, ArH), 

3.90 (s, 3H, CO2CH3), 3.56 (s, 3H. CO2CH3), 2,67 (t, 15 7.45-6.90 (m, 5H, ArH), 6.70 (dd, J =2, 8 Hz, IH, ArH), 
J=8 Hz, 2H, ArCH2CH2), 2.36 (t, J = 8 Hz, 2H, 6.62 (dd, J =2, 8 Hz, IH, ArH), 6.55 (d, J=2 Hz, IH, 
CH2CH2CO2); NMR (75 MHz, CDCI3) 8 173.08 ArH), 4.87 (s, 2H, ArCH20), 3.95 (t, J=7 Hz, 2H, 
(G=0), 166.62 (C=0), 152.95, 139.61, 135.31, 134.94, ArOCH2R), 3,70 (t, J=7 Hz, 2H, ArOCH2R). 3.90 (s, 
131.45, 131.26, 129.51, 129.25, 127.04, 120.86, 113.60, 3H, CO2CH3), 3.57 (s, 3H, CO2CH3), 2.72 (t, J=7 Hz, 
52.31, 51.58, 34.84, 28.43; IR (KBr) 3410, 1750, 1700, 20 2H, ArCH2CH2), 2,34 (t, J =7 Hz, 2H, CH2CO2CH3), 
1580, 1465, 1320, 1280, 1270 cm-l; MS (DCI) m/e 329 1.80-0,87 (m, 18H, pentyl); l^C NMR (75 MHz, CDCI3) 
(MH+), 315, 283. Anal. Calcd for CisHigOs: C, 68.77; 8 173.09 (C=0), 166.99 (Cb=0), 155.98, 149.13, 148.32, 

H, 5.77. Fomid: C, 68.39; H, 5.63. 139.98, 137.51, 134.80, 131.25, 130.49, 130.05, 129.71, 
Phenol 35 is coupled to alcohols 12b, 12d, and 12c 128.77, 128.17, 121.51, 118.79, 113.50, 111.91, 110.96, 

(see Example 8) via the method of Example 11 to afford 25 70.04, 69.31, 68.84, 52.06, 51.55, 34.92, 28.98, 28.93, 

ethers 36a, 36b, and 36c, respectively. 28.39, 28.28, 22.51, 14.08; IR (KBr) 2950, 1740 (C=0>, 

For . 2-[3,4-bis(3-methyl-2-butenyloxy)phenyl]me- 1730 (C==0), 1580, 1530, 1425, 1250, 1235 cm-i; MS 

thoxy-3'-carhomethoxy-[l,l'-biphenyl]-6-propanoic (DCI) m/e 577 (MH+), 576 (M), 575, 263. Anal. Calcd 

acid, methyl ester (36a): scale=2.22 mmol, yield=51%; for C35H44O7: C, 72.9^ H, 7.64. Found: C, 72.61; H. 

chromatographed on sihca gel using CH2Cl2/hexane, 30 7.35. 

then CH2CI2 to afford a clear oil; Wmax (BtOH) 208 Esters 36a-c are hydrolyzed via the meliiod of Exam- 

nm (€=59871), 280 nm (6=4832); IH NMR (300 MHz, pie 7 to afford diacids 37a-c. 

CDCI3) 8 8.01 (ddd, J=2, 2, 8 Hz, IH, ArH), 7.93 (d. For 2-[3,4-bis(3-methyl-2-butenyloxy)phenyl]me- 

J =2 Hz, IH, ArH), 7.49 (d, J = 8 Hz, IH, ArH), 7.44 (s, thoxy-3'-carboxy-[l, 1 '-biphenyI]-6-propanoic acid 

IH, ArH), 7.24 (d, J=8 Hz, IH, ArH), 6.95 (d, J = 8 Hz, 35 (37a): scale= 1.66 mmol, yield=83%; chromato- 

IH, ArH), 6.86 (d,J=8 Hz, IH, ArH), 6.70 (d, Jss8 Hz, graphed on reverse-phase C- 18 silica gel using methanol 

IH. ArH), 6.60 (m.2H, ArH), 5.44 (m.2H.2xC==CH), to afford a white soUd; mp=142--143° C; JJV^ax 

4.87 (s, 2H, ArCH20), 4.51 (d, 2H, J=7 Hz, OCH2R), (EtOH) 208 mn (€ = 58708), 280 nm (€=4999); ^H NMR 

4.33 (d, 2H, J=7 Hz, OCH2R), 3.87 (s, 3H, CO2CH3), (300 MHz, CDCI3) S 8.02 (m, 2H, ArH), 7.48 (m, 2H, 

3.56 (s, 3H, CO2CH3), 2.72 (t, 2H, ArCH2CH2), 2.36 (t, 40 ArH), 7.28 (d, J:=8 Hz, IH, ArH), 6.95 (d, J=8 Hz, IH, 

2H, CH2CO2CH3), 1 .74 (s, 3H, CH3), 1 -72 (s, 3H, CH3), ArH), 6.92 (d, J = 8 Hz, IH, ArH), 6.75 (d, J= 8 Hz, IH, 

I. 67 (s, 3H, CH3), 1.64 (s, 3H, CH3); i^C NMR (75 ArH), 6.65 (m, 2H, ArH), 5.41 (m, 2H, OCH2CH=C), 
MHz, CDCI3) 8 173.07 (C=0), 166.98 (C=D), 156.00, 4.88 (s, 2H, ArCHiO), 4.51 (d, J=6 Hz, 2H, 
148.83, 148.10, 139.98, 137.54, 137.46, 136.99, 134.78, a-CH2C==C), 4.33 (d, J=6 Hz, 2H, O— C32Crf), 
131.25, 130.50, 130.06, 129.70, 128.76, 128.16. 121.54, 45 2.71 (m, 2H, ArCH2CH2) 2.45 (m, 2H, ArCH2C02). 
120.33, 119.94 , 118.95, 113.67, 112.20, 111.04, 96.10. 1.71 (s, 6H, 2XCH3), 1.66 (s. 6H, 2XCH3). 13C NMR 
70.15, 66.02, 65.67, 52.04, 51.53, 34.92, 28.40, 25.78, (75 MHz, CDCI3) 8 179.29 (C=^), 172.29 (C===0), 
18.20; IR (KBr) 2920, 1740 (C=0), 1725 (C=0), 1580, 156.02, 148.86, 148.12, 139.75, 137.64, 137.49, 137.03, 
1510, 1440, 1260 , 1230 cm-»; MS (DCI) m/e 573 135.79, 131.97, 130.45, 129.67, 129.19, 8.91, 128.83, 
(MH+), 572 (M), 315, 259. Anal. Calcd for C35H40O7: 50 128.21, 121.36, 120.31, 119.83, 118.97, 113.75, 112.22, 
C, 73.43; H, 6.99. Found: C, 73.10; H, 6.77. 111.06, 70.18, 66.06, 65.61, 35.12, 27.92, 25.79, 25.75, 

For 2-[3,4-bis(cyclopentyloxy)phenyl]methoxy-3'- 18,18; IR (KBr) 3430 (OH), 3540 (OH), 2900, 1680, 

carbomethoxy-[l,r-biphenyl]-6-propanoic acid, methyl (C=K)), 1580, 1510, 1260 cm-1; MS (DCI) m/e 545 

ester (36b): scale=3.32 mmol, yield=53%; chromato- (MH+), 537, 527, 289, 269, 259. AnaL Calcd for 

graphed on silica gel using CH2Cl2/hexane, then 55 C33H3rf>7.H20: C, 70.33; H, 6.51. Found: C, 70.44; H, 

CH2CI2 to afford a clear oil; UV^ox (EtOH) 208 nm 6.80. 

(€=55184), 282 mn (c=4919); ^H NMR (300 MHz, For 2-[3,4-bis(cyclopentyloxy)phenyl]methoxy-3'- 

CaOCh) 6 8.04 (d, IH, J=8 Hz, ArH), 7.98 (s, IH, ArH), carboxy-[l,l'-biphenyl]-6-propanoic acid (37b): sca- 

7.51 (d, J=8 Hz, IH, ArH), 7.46 (s, IH, ArH), 7.27 (d, le=1.14 nmiol, yield=90%; chromatographed on re- 
J=8 Hz, IH, ArH), 6.89 (d, J=8 Hz, IH, ArH), 6.86 (d, 60 verse-phase C-18 silica gel using methanol to afford a 

J = 8 Hz. IH, ArHO, 6.77 (d, J= 8 Hz, IH, ArH), 6.64 (d, white soUd; mp = 148'*-150° C; XJVmax (EtOH) 208 nm 

J=8Hz, IH, ArH), 6.60 (s, IH, ArH), 4.90 (s, 2H, ArC- (€=55091). 280 mn (e=4755); iR NMR (300 MHz, 

H2O), 4.69 (m, IH, R2CHOR), 4.45 (m, IH, R2CHOR). CDCI3) 8 8.03 (m, 2H, ArH) , 7.46-7.27 (m, 3H, ArH) , 

3.91 (s, 3H, CO2CH3), 3.59 (s, 3H, CO2CH3), 1.81-1.58 6.90 (d, J=8 Hz, IH, ArH) , 6.87 (d, J=8 Hz, IH, ArH), 
(m, 16H, cyclopentyl), 2.75 (t, J=8 Hz, 2H, 65 6.74 (d, J=6 Hz, IH, ArH) , 6.25 (dd, J=2, 8 Hz, IH, 
ArCH2CH2). 2.39 (t, J=8 Hz, 2H, CH2CO2CH3); i^C ArH), 6.57 (d, J=2 Hz, IH, ArH), 4.87 (s, 2H, ArC- 
NMR (75 MHz, CDClj) S 173.03 (C=iO), 166.96 H2O). 4.65-4.48 (m, 2H, 2xR2CHOAr), 2.75 (m, 2 H, 
(C=0). 155.99, 148.86, 148.20, 139.98, 137.53, 134.85, AXCH2CH2), 2.46 (m, 2H, ArCH2CH20 02), 1.78-1.54 
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(m, 16H, cyclopetyl); I3C NMR (75 MHz, CDCI3) 6 481 (M-C2H5O), 201 (Ci5H2i-»-). HRMS (FAB) Calcd 

179.44 (C=0), 172.46 (C=0) , 156.13, 149.02, 148.35, for C34H3805Na: 549.2617. Found: 549.2611. 
139.88, 137.65, 135.96, 132.13, 130.51, 129.99, 129.27, 3'-Carboethoxy-2-[5,6,7,8-tetrahydro-5,5,8,8-tet- 

129.03, 128.91, 128.35, 121.40, 119.32, 116.72, 115.20, rametlayl-2-aaphthalenyl]methoxy-[l,r-biphenyl]-6- 

111.03, 81.28, 80.89, 70.17, 35.23, 32.89, 28.02, 24.02, 5 [(E)-3-propenoic acid], methyl ester (38d) (0.246 g., 

23.96; IR (KBr) 3450 (OH), 2960, 1700 (C=0), 1430, 0-467 mmol) is hydrolyzed via the method of Example 

1265 cm~»; MS (DCl) m/e 545 (MH+), 544 (M+), 527 7 to afford 3'-carboxy-2-[5,6,7,8-tetrahydo-S.5,8,8-tet- 

(M— H2O), 269, 259. Anal. Calcd for C33H36O7.O.IO raraethyl-2-naplithalenyl]methoxy-[l,l'-biphenyl]-6- 

H2O: C. 72.53; H, 6.80. Found: C. 72.32; H, 6.73. [(E)-3-propenoic acid] (39d) (0.194 g., 0.401 mmol, 

For 2-[3,4-bis (pentyloxy)phenyl]methoxy-3'-car- 10 86%) as a white solid; recrystallized from EtOAc/hex- 

boxy-[l,l'-biphenyl]-6-propanoic acid (37c): sea- ane; mp=247°-249'' C; (EtOH) 204 nm 

Ie=0.784 mmol, yield=66%; chromatographed on re- (€=34000), 220 rnn (e= 30186), 280 nm (€= 15343); 

verse-phase C-18 silica gel using methanol to afford a NMR (300 MHz, DMSO-de) S 12.70 (b, 2H, 2 X CO2H), 

white solid; mp^l45'-146° C; UV^ax (EtOH) 206 nm 7.97 (bd, J = 8 Hz, IH, ArH), 7.79 (s, IH, ArH), 

(6=59315), 280 nm (e=4818); »H NMR (300 MHz, 15 7.61-7.40 (m, 4H, ArH), 7.27 (d, J = 8 Hz, IH, ArH), 

CDCI3) 6 8.02 Cm. 2H, ArH), 7.50 (m, 2H. ArH), 7.27 "^-^^ A.rH), 7.15 (d, J=16 Hz, IH, 

iv^iH. AT^, 6S^.^(^ 5H, Sh), 4.8? (i 2H, C-=CH), 7.03 (s, IH, ArH), 6.94 (d, J^8 Hz, IH. ArH), 

Sa^X 3.90 (t, J=6 Hz, 2H, A^CH^J. 3.72, (? J=6 ^-42 (d, J= 16 Hz, IH, 0=CH), 5.00 (s, 2H, ArCH20), 

Hz, 2H, ArOCH2), 2.71 (m, ik, ArCH2CH2), 2% (m, \'^^Ji!l'^^\^^^' ii^^' 

2H Ar6H2CH2C02), 1. 80-0.86 (m, 18H, pentyl); 20 2xOl3> l^C 167 26 

NMK(75MHl,CDCl3)6179.33(C=0),172.33(C=0), f=OX 167.14 (C=0), 55.67, 44.20. 43.55. 141.43. 

I'^lf \tlil' \llfi IV^fj \llf9 \lfT{ ilt'^: nlll: lllik I'iS lloll udl 

130.45, 129.68, 129.14, 128.91, 128.77, 128.19, 121.31, ... t^\:e^ a-^ ci i-^ -t^ n -^i -yi a£. tt> /trn \ 

118.84. 113.57, 111.93. 110.94, 70.05, 69.34, 68.86, 35.15, „ llji illf iw/ ilgY JsTQ M^^^^^ 

28.97, 28.91, 28.25, 28.18, 27.85, 22.46, 14.03; IR (KBr) 3*22, 2962, 292^ 1688, 1570, 1464, 1310, 1254 

3450 (OH). 2950. 2860, 1700 (C=0), 1270 MS 1":, = ^f.<£5? ^^^'c^^. ^^^^^''t^i 

(DCI) m/e (M+-17)i 531, 269, 2ffl. AnaL Calcd for ^^.^i, H^'^' ' ' ' ^ 

C33l^.a23 H2O: C 71.65 ; H, 7.38. Found: C. 71.49, ^'5^^^o,v"k5A7,8-.=tr^ydro-5,5,8.8-^^ 

*** 30 ramethyI-2-naphthalenyl]methoxy-[l,r-biphenyl]-6- 

Example 24: Synthesis Of IHacids 37d and 39d [(E)-3-propenoic acid], methyl ester (38d) (0.629 g., 1.20 

^ J , « , , 17 mmol, 1 equiv.) is dissolved in 10 mL of EtOAc and 

Aldehyde 16 i (0.965 g., 2.05 mmol, 1 egnv ; from palladium on carbon (OaOO g., 0.094 mmol, 8 mol 

Example 13) is dissolved m 15.6 inL of CH2CI2, and ^^^^d. The suspension is hydrogenated using a 

meUiyl (tnphenylphos-phoranylidene)ac^^ (2.74 g., 35 Walloon of hydrogen for 3.5 hours. The mixture is fil- 

8.20 mmol, 4 eqmv ) is added. ThemMrture is stured at ^ered through a pad of Florisil, eluthng with ether and 

room temperature for 24 hours. Thin-layer chromato- ethyl acetate. The filtrate is evaporated, and the crude 

graphic analysis at this time indicates the reaction is material is chromatographed on silica gel using 5% 

incomplete. More methyl (triphenylphosphoranyli- EtOAc/hexane to yield 3'-carboethoxy-2-[5,6,7,8-tet- 

dene)acetate (0.246 g.. 0.736 mmol, 0.36 equiv.) is added 40 rahydro-5,5,8,8-tetramethyl-2-naphthalenyI]methox- 

and stirring continued for another 20 hours. The mix- y[l,r-biphenyl]-6-[3-propanoic acid], methyl ester 

ture is poured into water and EtOAc. and the aqueous (35^) (0.6O8 g., 1.15 mmol, 96%) as a clear oil: 

phase is extracted with EtOAc. The combined extracts (CHCI3) 242 nm (€=9776), 278 nm (€=3210); ^H NMR 

are washed with brine, dried (MgS04), and concen- (300 MHz, CDCI3) S 8.04 (ddd, J=2, 2, 8 Hz, IH, ArH), 

trated. The crude material is chromatographed using 45 7.97 (dd, J =2, 2 Hz, IH, ArEQ, 7.45 (m. 2H, ArH), 7.28 

EtOAc/hexane (5%-10%-20%) to afford 3'-carboe- (dd, J=8, 8 Hz, IH, ArH), 7.16 (d, J=8 Hz, IH, ArH), 

thoxy-2-[5,6,7,8-tetrahydro-5,5,8,8-tetramethyl-2-naph- 6.97 (d, J=2 Hz, IH, ArH), 6,93 (d, J=3 Hz, IH, ArH), 

thalenyllmethoxy-[l.l'-biphenyl]-6-[(E)-3-propenoic 6.90 (d, J=3 Hz, IH, ArH), 6.86 (dd, J =2, 8 Hz, IH, 

acid], methyl ester (38d) (0.694 g., 1.32 mmol, 64%) as ArH), 4.91 (s, 2H, ArCH20). 4.35 (q, J=7 Hz, 2H, 

a clear oil: UV„ax(CHCl3) 242 nm (e =31760), 286 nm 50 CO2CH2), 3,57 (s, 3H, CO2CH3), 2,73 (dd, J = 8, 8 Hz, 

(€=23380), 656 nm (€=4992); iH NMR (300 MHz, 2H, ArCHsCHsCOs), 2.39 (dd, J=8, 8 Hz, 2H, 

CDCI3) 5 8.06 (ddd, J=2, 2, 8 Hz, IH, ArH), 7.98 (dd, ArCHzCH 2CO2), 1.61 (s, 4H, CH2CH2), 1.36 (t, J=7 

J=2, 2 Hz, IH. ArH), 7.50 (dd, J=8, 8 Hz, IH, ArH), Hz, 3H, CO2CH2CH3), 1.21 (s, 6H, 2XCH3), 1.09 (s, 

7.43 (m, IH, ArH), 7.41 (d, J= 16 Hz, IH, C==CH). 7.33 6H, 2XCH3); NMR (75 MHz, CDCI3) S 173.15 

(m, 2H, ArH), 7.17 (d, J=8 Hz, IH, ArH), 7.06 (dd, 55 (C=0), 166.60 (C=0), 156,16, 144.81, 144.03, 140.06, 

J=2,8Hz, IH.ArH), 7.00(d, J=2Hz, IH, ArH), 6.90 137.40, 134.67, 133.95, 131.14, 130.54, 130.47, 128.77, 

(dd, J=2, 8 Hz, IH, ArH), 6.32 (d, J=16 Hz, IH, 128.34, 128.25, 126.36, 124.43, 123.63, 121.41, 110.60, 

C==CH), 4.95 (s, 2H, ArCH20), 4.34 (q, J=7 Hz, 2H, 69.97, 60.92. 51.55, 34.99, 34.15, 34.03, 31.80, 31.66, 

CO2CH2), 3.68 (s, 3H, CO2CH3), 1.61 (s, 4H, CH2CH2), 28.42. 14-33; IR (fihn) 2958, 2928, 1738, 1718, 1580, 

1.35 (t, J=7 Hz, 3H, CO2CH2CH3), 1.21 (s, 6H, 60 1456, 1364, 1296, 1258, 123a 1080, 758 cm-^; MS 

2XCH3), 1.10 (s, 6H, 2XCH3); NMR (75 MHz, (DCI) m/e 529 (MH+), 483 (M-C2H5O), 201 

CDCI3) S 167.07 (C=0), 166.48 (C=0), 156.27, 144.89, (C15H21+). Anal. Calcd for C34H40O5: C, 77,2^ H, 7.63. 

144.23, 143.37, 143.09, 135.93, 135,15, 134.66, 133.58, Found: C, 76.97; H, 7.52. 

131.79, 131.63, 130.35, 128.89, 128.78, 128.16, 126.47, 3'-Carboethoxy-2-[5,6,7,8-tetrahydro-5,5,8,8-tet- 

124.52, 123.73, 119.44, 118.95, 113.90, 70.28, 60.94, 65 ramethyl-2-naphthalenyl]methoxy-[l,l'-biphenyl]-6-[3- 

51.61,34.98,34.16,34.06,31.80,31.68, 14.33; IR (film) propanoic acid], methyl ester (36d) (0.548 g., 1.04 

2958, 2928, 1720, 1636, 1570, 1460, 1294, 1258, 1230, mmol) is hydrolyzed via the method of Example 7 to 

1 170 cm-1; MS (DCI) m/e 527 (MH+), 495 (M-CH3O), afford 3'-carboxy-2-[5,6,7,8-tetrahydro-5,5,8,8-tet- 
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ramethyl-Z-naphthalenj^^^^^^ ^f^^^lf 6- B. Synthesis of Esters 3 8a-c 

propaaoic acid (37d) (0.306 g., 0.630 mmol, 61%) as a ' 

white solid: recrystallized from CHaCli/pentane; Aldehydes 16a, 16b and 16c are converted to unsatu- 

mpt-ieC-ier C; UVmax(CHCl3) 242 nm (6=11222), rated esters 38a, 38b, and 38c, respectively, using the 

278 nm (€:=3474); »H NMR (300 MHz, CDCI3) 6 8.04 ^ method of Example 23. 

(m, 2H, ArH), 7.49 (m, 2H, ArH), 7.29 (dd, J=8, 8 Hz, For (E)-2-[3,4-bis(3-methyl-2-butenyloxy)phenyl]me- 

IH, ArH), 7.15 (d, J=8 Hz. IH. ArH), 6.98 (d, J=2 Hz, thoxy-6-[methyl (3-propenoate)3- 1, l'-biphenyl-3'-car- 

t, ArH), 6.93 (d, J=8 Hz, IH, ArH), 6.91 (d, J=8 Hz, boxyUc acid, methyl ester (38a): scale =0.90 mmol, 

IH, ArH), 6.85 (dd, J=2, 8 Hz, IH, ArH), 4.91 (s, 2H, yield=36%; chromatographed on sihca gel using 

ArCH20), 2.72 (m, 2H, ArCH2CH2C02), 2.49 (m, 2H, ^" CHzCla/hexane to afford an oil; UV„ax(EtOH) 206 nm 

ArCH2CH2C02), 1.59 (s, 4H: CH2CH2), 1.20 (s, 6H, (€=64456), 232 nm (€=38475), 284 nm (6=19713); ^H 

2xCH3)ri.08 (s, 6H, 2XCH3); l^C NMR (75 MHz, NMR (300 MHz, CDCI3) S 8.05 (d, J=8 Hz, IH, ArH), 

CDdi) S 179.38 (C=0), 172.41 (C=0), 156.14, 145.85, 8 00 (s, IH, ArH), 7.51-7.06 (m. 5H, ArH and C==CH). 

144.85, 144.05, 139.77, 137.49, 135.78. 133.87, 132.05, ,^ 6.79 (d, J = 8 Hz, IH, ArH), 6.7O-6.60 (m, 3H, ArH), 

130 40. 129.23, 128.90, 128.30, 126.37. 124.46, 123.66, 6.37 (d, J=:16 Hz, IH, C=CH), 5.49 (m, 2H, 

121,19, 110.61, 70.00, 35.13, 34.99, 34.13, 34.03, 31.79, 2xOCH2CH = C), 4.92 (s. 2H. ArCH^O), 4.55 (d, J=6 

31.65. 27.87; JK (KBr) 3414. 2960, 2928, 1704, 1580, Hz, 2H, OCH2CH=C), 4.39 (d, J = 6 Hz, 2H, 

1458, 1260, 1078 aii-l;MS(DCDiii/e487(MHH-), 469 OCHsCH^^), 3.90 (s. 3H. CO2CH3), 3.69 (s, 3H. 

H2O: Q 74.58; H. 7.15. Found: Q 74.62; H, 6.89. ^5^^^^^^ (C-0), 166.^87 

Example 25: Synthesis of Dia*ads39a-c 136.00, 135.51, 134.56, 131.93, 131.55, 129.95, 129.29, 

A. Synthesis of Aldehydes 16a-c 128.92, 128.66, 128.08, 120.27. 119.92, 119.45, 119.15, 

A. !5yn«Ksis 01 >«j y ^^^^^ ^ ^^^^^ ^ ^^^^^ ^ ^^^^^ ^^^^^ ^^^^ ^^^^ ^^ ^^ 

2-Hydroxy-3'-caiboethoxy-[l,l'-biplieaiyi]-6-carbox- 5^ 59 25.77, 18.19; IR (KBr) 2900, 1730 (C=0), 1663 

aldehyde <15a, from Example 6) is coupled to alcohols (c=0), 1510, 1430, 1255, 1230 cm-i; MS (DO) m/e 

12b, 12d, and 12c (see Example 8) via the method of (mH+), 539, 503, 471, 449, 435, 313, 259. Anal. 

Example 11 to afford etiiers 16a. 16b, and 16c, respec- ^alcd for C35H36O7.O.I CH2a2: C, 72.60; H, 6.60. 

tively. 30 Found: C, 72.64; H, 6.91. 

For 2-[3.4-bis (3-inethyl-2-butenyloxy)phenyl]me- (E)-2-[(3,4-biscyclopeutyloxy)phenyl]methoxy- 

thoxy-3'-carboethoxy-[l,r-biphenyl]-6-carboxaldehyde 6-[methyl (3-propenoate)]-l, l'-biphenyl-3'-carboxylic 

(16a): scale=0.980 mmol, yield=49%; chromato- acid, methyl ester (38b): scales 1.08 mmol, yield =-57%; 

graphed on sihca gel using CH2Cl2/hexaQe to afford an chromatographed on silica gel using CH2Cl2/hexane to 

oil; IH NMR (300 MHz, CDCI3) S 9.75 (s, IH, CHO), 35 afford an oU; iH NMR (300 MHz, CDCI3) 6 8.09 (d, 

8.15-8.05 (m, 2H. ArH), 7.76-7.25 (m, 5H, ArH), J «8 Hz. IH. ArH), 7.99 (s, IH, ArH), 7.46-7.04 (m, 6H. 

6.81-6.60 (m. 3H, ArH), 5.48 (m, 2H, 2XC=CH), 4.99 atH and Cb=CH), 6.79 (d, J=8 Hz, IH, ArH), 6.68 (d, 

(s. 2H, ArCH20), 4.54 (q, J=7 Hz, 2H, CO2CH2), 4.39 j^g Hz, IH, ArH), 6.63 (s, IH, ArH), 6.37 (d, J=13 

(m, 4H, 2xOCH2C==C), 1.70 (s, 6H, 2XCH3), 1-69 (s, hz, IH, C=CH), 3.93 (s, 2H, ArCH20), 4,69-^.52 (m, 

3H, CH3), 1.66 (s. 3H, CHs), 1.38 (t, J=7 Hz, 3H, 40 2H, 2xR2CHOR), 3.90 (s, 3H, CO2CH3), 3.70 (s, 3H, 

CX52CH2CT3) . CO2CH3), 1.82-1.58 (m, 16H, cyclopentyl); "c NMR 

For 2-[(3,4-biscyclopentyloxy)phenyl]methoxy-3'- (75 mHz, CDCI3) 6 167.03 (C=0), 166.88 (C=0), 

carboethoxy-[l,l'-biphenyl]-6-carboxaldehyde (16b): 156.91, 148.86, 148.36, 143.04, 136.03, 135.34, 134.59, 

scale=2.00 mmol, yield=41%; chromatographed on 131.89, 131.52, 129.94, 129.47, 128.91, 128.64, 128.09, 

silica gel usmg CH2Cl2/hexane, then CH2a2, then 5% 45 119.44^ 119.33, 119.03, 116.49, 115.18, 114.22, 81.06, 

EtOAc/CH2Cl2 to afford an oi^ ^H NMR (300 MHz, 8o.79. 70.29, 52.09, 51.59, 32.77, 23.90. 

CDCI3) 5 9.74 (s, IH. CHO), 8.15-7.66 <m, lOH. ArH), For (E)-2-[(3,4-bispentyloxy)phenyl]methoxy-6- 

4.98 (s, 2H, ArCH20), 4-70 (b, 2H, 2XR2CHOR), 4.35 [methyl (3-propenoate)]-l,l'-biphenyl-3'-carboxylic 

(q, J=7 Hz, 2H, CO2CH2), 1.82-1.58 (m, 16H, cycdo- acid, methyl ester (38c): scale= 1.73 mmol, yield =63%; 

pentyl), 1-38 (t, J=7 Hz, 3H, CO2CH2CH3). chromatographed on silica gel using CH2Cl2/hexane to 

For 2-[(3,4-bispentyloxy)phenyl]methoxy-3'-carboe- afford an oil; UVjmox (EtOH) 208 nm (c =47562), 232 nm 

thoxy-[l,l'-biphenyll-6-carboxaldehyde (I6c): sea- (e=36190), 284 nm (€=19436); IH NMR (300 MHz, 

le=3.00 mmol; chromatographed on silica gel using CDCI3) 8 8.08 (d, J=8 Hz, IH, ArH), 7.98 (s, IH, ArH), 

CH2Cl2/hexane to afford an oH: ^H NMR (300 MHz, 7.51-7.34 (m, 6H, ArH and C=CH), 7.06 (dd, J = 5, 5 

CDCI3) S 9.75 (s, IH, CHO), 8.13-8,10 (m, IH, ArH), Hz, IH, ArH), 6.61 (s, IH, ArH). 6.37 (d, J= 16 Hz, IH, 

8.09 (8, IH, ArH), 7.65 (dd, J==2. 8 Hz. IH, ArH), C=CH), 4.94 (s, 2H. ArCH20), 3.97 (t, J=7 Hz, 2H. 

7.55-7.40 (m,3H. ArH), 7.27 (dd,J«2, 8 Hz, lH,ArH), OCH2R), 3.95 (s, 3H, OCH3). 3.77 (t, J=7 Hz, 2H, 

6.80-6.65 (m, 3H, ArH), 4.98 (s, 2H, ArCH20), 4.39 (q, OCH2R), 3.70 (s, 3H, OCH3), 1.81-0.90 (m, 18 H, pen- 

J=7 Hz, 2H, CO2CH2), 3.92 (t, J^6 Hz, 2H, ^ tyl); l^c NMR (300 MHz, CDCI3) S 167.02 (C=0), 

OCH2CH2R), 3.79 (t, J=6 Hz, 2H, OCH2CH2R), 166.88 (C=0), 156.10, 149.20, 149.04, 143.01, 136.05, 

1.82^1.75 (m, 4H. OCHiqHiR), 1-45-1.36 (m, IIH, 134.60, 132.46, 131-02, 131.59, 130.17, 129.96, 129.30, 

2xRCH2Ca|2CH3 and C02CH2<:^3), 0.94 (m, 6H, 128.91, 128.65, 128.09. 119.46, 119.07, 114.82, 113.76, 

2XCH3); 13C NMR (75 MHz, CDClz) 191.83 (C=0), 112.10, 70-34, 69-29, 68.92, 52.09, 51.59, 29.07, 28.99, 

166.19 (C=0), 149.22, 148.50, 135.31, 134.44, 133,76, 65 28.27, 28.22, 22.51, 22.48, 14.07; IR (KBr) 2960, 2870, 

132.01, 130.36, 129.13, 129.08, 129.00, 128.92, 127.99, 1750, 1690, 1510, 1280, 1200 cm- 1; MS (DCI) m/e 575 

119.79, 119.18, 118.23, 113.56, 112.27, 70.66, 69.3a (MH+), 543. 295, 263. Anal. Calcd for C35H42O7A25 

69.01, 61.14. 28.98, 28.19, 22.47, 14.30, 14,03. H2O: C, 73.17; H, 7.32. Found: C, 73.21; H. 7.63. 
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C- Synthesis of Diacids 39a-c from Oiesters 38a~c 

Oiesters 3$a» 38b, and 38c are hydrolyzed via the 
method of Example 7 to afford diacids 39a-c. 

For 2-[3,4-his (3-methyl-2-butenyloxy)phenyl]me- 5 
thoxy-3'-carboxy-[l, 1 '-biphenyl]-6-[(E)-3-propenoic 
acid] (39a): scale 0. 540 mmol, yield 70%; recrystal- 
lized using CHaCiz/hexane; mp= 175'*-179° C; Wmax 
(EtOH) 208 nm (€=55237), 232 nm (c= 36495), 282 ran 
(e= 18975); IH NMR (300 MHz, CDCI3) 6 7.96 (d, J= 8 10 
Hz, IH, AtH), 7.83 (s, IH, ArH), 7.44 (dd, J = 8, 8 Hz, 
IH, ArH), 7.35-7.24 (m, 4H, ArH and CH=CHC02H), 
7.07 (d, J = 8 Hz, IH, ArH), 6.74-6.61 (m, 3H, ArH), 
6.26 (d, J=16 Hz, IH, C^CHCOaH), 5.33 (m, 2H. 
2xOCH2C|fc=C), 4.86 (s, 2H, ArCH20), 4.47 (d, J=6 15 
Hz, 2H, OCH2CH=^), 4.34 (d, J = 6 Hz, 2H, 
OCiCtfaC), 1.66 (s, 6H, 2XCH3). 1.61 (s, 6H, 
2XCH3); NMR (75 MHz, CDCI3) S 169.82, (C=0), 
169.51 (C=0), 156.68, 149.36, 148.70, 143.85, 138.52, 

138.14, 136.76. 135.85, 132.79, 131.26, 130.46, 129.56, 20 
129.33, 128.33. 120.68. 120.58. 120.25. 120.08. 119.74, 
115.11, 114.77, 113.31, 70.91, 66.72, 66.36, 25.94, 25.92, 
18.34, 18.30; IR (KBr) 3240 (OH), 2900, 1680 (C=0), 
1630, 1510, 1250 cm~l; MS (DCI) m/e 517, 267, 259. 
Anal. Calcd for C33H34O7.O.75 H2O: C, 71.46; H, 6.45. 25 
Found: C, 71.29; H, 6.31. 

For 2-I(3,4-bis(cyclopentyIoxy)phenyl]methoxy-3 '- 
carboxy-[l,r~biphenyI]-6-[(E)-3-propenoic acid] (39b): 
scale=0.753 mmol, yield =75%; recrystallized using 
ether/hexane; mp =2 15 "-21 6* C; UV^ (EtOH) 208 30 
nm (€==47271), 232 nm (€=35149), 282 nm (€= 18855); 

NMR (300 MHz, CDCI3) 8 8.05 (ddd, J=2, 2, 8 Hz, 
IH, ArH), 7.91 (dd, J=2, 2 Hz, IH, ArH), 7.51-731 (m, 
5H, ArH and CH=CHC02H), 7.14 (dd, J=2, 8 Hz, IH, 
ArH), 6.79 (d, 3=6 Hz. IH, ArH), 6,68 (dd, J=2, 6 Hz, 35 
IH, ArH), 6.61 (d, J=2 Hz, IH, ArH), 6.35 (d, J=16 
Hz, IH, C=CHC02H), 4.92 (s, 2H, ArCH20), 
4.70-4.68 (m, IH, RaCHOAr) 4.52-4.49 (m, IH, 
R2CHOAr) 1.77-1.56 (m, 16H, cyclopentyl); '^C NMR 
(75 MHz. CDCI3) 6 172.70 (C=0), 172.33 (C«0), 40 
159.92, 152.48, 151.80, 146.90, 140.24, 139.09, 138.22, 
135.73, 135.35, 134.43, 133.94, 132.80, 132.33, 131.78, 
123.57, 123.24, 122,65, 120.27, 118.65, 118.11, 84.95. 
84.47, 73.72, 36.18, 27.42, 27.31; IR (KBr) 3420, 2960, 
1685, 1630, 1250 cm-l; MS (DCI) m/e 543 (MH+), 457 43 
CM-C4H8O), 281, 267, 259. Anal. Calcd for 
C33H34O7.O.75 H2O: C, 71.46; H. 6.43. Found: C, 1.04; 
H, 6.03. 

For 2-[(3,4-bis (pentyloxy)phenyl]methoxy-3 '-car- 
boxy- [l,r-biphenyl]- 6- [(E)-3-propenoic acid] (39c): sea- 50 
le=0.734 mmol, yield— 73%; recrystallized using 
ether/hexane; mp=: 19r-193'' C; UV^ax (EtOH) 206 
mn (€=49197), 232 nm (c= 36853), 282 nm (e= 20355); 
IH NMR (300 MHz, CDCI3) 8 8.00 (ddd, J =2, 2, 8 Hz, 
IH, ArH), 7.91 (dd, J =2, 2 Hz. IH, ArH), 7.43-7-27 (m, 55 
5H, ArH and CH=CHC02H), 7.01 (dd, J=4, 8 Hz, IH, 
ArH). 6,69 (d. J=8 Hz. IH. ArH), 6.61 (dd, J=2, 8 Hz, 
IH, ArH), 6-55 (d, 3=2 Hz, IH, ArH), 6.22 (d, J =16 
Hz. IH, dfaOHCOaH). 4.87 (s. 2H. ArCH20), 
3.93-3.66 (m, 4H, 2xRCH20), 1.76-0.82 (m, 28H, pen- 60 
tyl); "C NMR (75 MHz, CDCI3) 8 169.11 (C=0), 
168.92 (C^O). 155.98. 149.05, 148.37, 143.69, 135.91, 
135,43, 134.52, 132.26, 131.53, 130.05, 129.39, 128.87, 
127.96, 119.74, 119.16, 119.09, 118,75, 114.35, 113.60, 

112.15, 70.31, 69.35, 68.99, 28.87, 28,81, 28.16, 28.10, 65 
22.40, 13.93; IR (KBr) 3400 (OH), 2950, 1685 (C=0), 
1625, 1513, 1257, 1140 cm->; MS (DCI) m/e 547 
(MH+), 529 (M-OH), 299. 281, 267. AnaL Cahsd for 


C33H38O7.O.5 H2O: C, 71.33; H, 7.07. Found: C, 71.10, 

H. 6.87. 

Experimental Procedures for Compounds Of Type IE 
Example 26 Synthesis of Acids 44 and 48 

For 44: 

3,4-Dihydroxybenzaldehyde (0.580 g., 4,20 mmol, I 
equiv.) is dissolved in 4.2 mL of acetone. 2-Chlorometh- 
yl-(5,5,8,8-tetraniethyl-5,6,7,8-tetrahydronaphthalene) 
(18a) (1,00 g., 4.20 mmol, 1 equiv.), sodium iodide (0.020 
g., 0.133 mmol, 0.03 equiv.), and potassium carbonate 
(0.580 g., 4.20 mmol, 1 equiv.) are added, and the mix- 
ture is heated to reflux for 19 hours. The mixture is 
poured into water, and extracted twice with ether, and 
once with EtOAc. The combined extracts are washed 
with brine, dried (MgS04), and concentrated. The 
crude material is chromatographed on silica gel using 
EtOAc/hexane as the eluent to afford 3-hydroxy-4- 
[5,6,7,8-tetrahydro-5,5,8,8-tetramethyl-2-naphthalenylI- 
methoxy benzaldehyde (41) (0.666 g., 1.97 mmol, 47%) 
as a white solid: IH NMR (300 MHz, CDCI3) S 9.87 (s, 
IH, CHO), 7.48-7.35 (m, 4H, ArH), 7.22 (dd, J = 2, 8 
Hz, IH, ArH), 7.09 (d, J^8 Hz, IH, ArH), 5.14 (s, 2H, 
ArCHzO), 1.72 (s, 4H, CH2CH2), 1.32 (s, 6H, 2XCH3). 

I. 31 (s, €H, 2XCH3); *5C NMR (75 MHz. CDCI3) 8 
191.00 (C==0), 151.20, 146.33, 145.79, 145.53, 132.11. 
130.76. 127.17, 126.53, 125.51, 124.31, 114,28, 111.42. 
71.60, 34.92. 34.26, 31.82; IR (KBr) 3342, 2962. 2932, 
1682, 1608, 1582, 1512, 1278, 1112 cm-l; MS (DCI) 
m/e 339 (MH+), 201 (C15H21+). 

3-Hydroxy-4-[5,6,7,8-tetrahydro-5,5,8,8-tetramethyl- 

2- naphthalenyl]methoxy-benzaldehyde (41) (0.654 g., 
1.93 rmnol) is converted by the method of Example 1 to 

3- trifluoromethyl-sulphonyloxy-4-[5, 6,7, 8-tetrahydro- 
5,5,8, 8-tetrametliyl-2-iiaphthalenyl]methoxy benzalde- 
hyde (42) (0.753 g., 1.60 nmiol, 83%): chromatographed 
on silica gd using CH2Cl2/hexanc; ^H NMR (300 MHz. 
CDCI3) S 9.87 (s, IH, CHO), 7.83 (dd, J=2, 8 Hz, IH, 
ArH), 7.75 (d, J =2 Hz, IH, ArH), 7.38 (d, J =2 Hz, IH, 
ArH), 7.32 (d, J=8 Hz, IH, ArH), 7.21 (d, J=8 Hz, IH, 
ArH), 7.16 (dd, J=2, 8 Hz, IH, ArH), 5.21 (s, 2H. ArC- 
H2O), 1-67 (s, 4H, CH2CH2), 1.26 (s, 6H, 2XCH3), 1.26 
(s, 6H, 2XCH3); 13C NMR (75 MHz, CDCI3) S 189.08 
(C=0), 155.67, 155.00, 145.54, 145.41, 131.84, 131.44, 
129.93. 126.98, 125.54, 124.47. 122.93, 114.24, 71.79, 
35.02. 34.94, 34.33. 34.22, 31.83, 31.70; IR (film) 2962, 
2930, 1700, 1608, 1510, 1426, 1280, 1210, 1140, 840 
cm-i; MS (DCI) m/e 471 (MH+), 201 (C15H21+). 

3-Trifluoromethylsulphonyloxy-4-[5,6.7,8-tetrahy- 
dro-5,5,8,8-tetramethyl-2-naphthalenyl]methoxy benz- 
aldehyde (42) (0.745 g., 1.58 mmol) is coupled with 
phenyltributylstannane (0.870 g., 2.38 mmol) via the 
method of Example 3 to afford 2-[5,6,7,8-'tetrahydro- 
5,5,8,8-tetramethyl-2-naphthalenyl]methoxy-[l , 1 
biphenyl]-5-carboxaldehyde (43) (0.404 g., 1.02 mmol, 
65%): chromatographed on sUica gel using 
CH2Cl2/hexane; ^H NMR (300 MHz. CDCI3) 6 9.93 (s, 
IH, CHO), 7.87 (d, J =2 Hz, IH, ArH), 7.84 (dd, J -2, 
8 Hz, IH, ArH), 7.57 (m, 2H, ArH), 7.44-7.32 (m, 3H, 
ArH), 7.25 (m, 2H, ArH), 7.16 (d, J = 8 Hz, IH, ArH), 
7.05 (dd, J=2, 8 Hz, IH, ArH), 5.14 (s, 2H, ArCHaO), 
1.65 (s, 4H, CH2CH2), 1.25 (s, 6H, 2XCH3), 1.20 (s, 6H, 
2XCH3); NMR (75 MHz, CDCI3) 8 190.95 (C=0), 
160.72, 145.19, 144.65, 137.22, 132.97, 132.59, 131.86, 
131.20, 130.00, 129.54, 128.16, 127.48, 126.71, 124.89, 
123.96, 112.57, 70.50, 34.99, 34.27, 34.13, 31.83, 31.80; 
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IR (fflm) 2960, 2926, 1692, 1596, 1504, 1264, 1182 cm- 1; 31.77, 31.65; IR (film) 2962, 2930, 1698, 1604, 1468, 

MS (DCI) m/e 399 (MH+>, 201 (C15H21+). 1426, 1242, 1220, 1178, 1140, 954, 832, 796 cm-^; MS 

2- [5,6,7,8-Tetrahydro-5,5,8,8-tetramethyl-2-naph- (DCI) m/e 471 (MH+), 201 (C15H21+). 
thalenyl]metfaoxy-[l, l'--bipheayl]-5-carboxaldehyde 3-Trifluoromethylsulphonyloxy-2-[5,6,7, 8-tetrahy- 
(43) (0.391 g., 0.98 mmol) is oxidized by the method of 5 dro-5,5,8,8-tetramethyl-2-iiaphthalenyl]methoxy benz- 
Example 4 to yield 2-[5,6,7,S-tetrahydro-5,5,8,8-tet- aldehyde (46) (0.844 g., 1.79 mmol) is coupled with 
ramethyl-2-naphthalenyl]methoxy-[l,r-bipheiiyl]-5- phenyltributylstannane (0.760 g., 2.06 mmol) via the 
carboxylic acid (44) (0.391 g., 0.94 mmol, 96%) as a method of Example 3 to afford 2-[5,6,7,8-tetrahydro- 
white solid: mp = 195°-198° C; XJVauzx (MeOH) 204 nm 5,5,8,8-tetramethyl-2-naphthalenyl]methoxy-[l,l'- 
(e«31402), 238 nm (€=30400), 260 mn (e= 16769); 10 biphenyfl-S-carboxaldehyde (47) (0.380 g., 0.96 mmol, 
NMR (300 MHz, CD3OD) 8 7.99 (dd, J==2, 8 Hz, IH, 54%): chromatographcd on siUca gel using 
ArH), 7.95 (d, J=2 Hz, IH, ArH), 7.53 (m, 2H, ArH), CH2Cl2/hexaiie to afford an oil; ^H NMR (300 MHz, 
7.42-7.23 (m, 5H, ArH), 7.20 (d, J=8 Hz, IH, ArH), CDCI3) 10.32 (s, IH, CHO), 7.81 (dd, J=2, 8 Hz, IH, 
7.04 (dd, J =2, 8 Hz, IH, ArH), 5.11 (s, 2H, ArCHzO), ArH), 7.61 (m, 3H, ArH). 7.44 (m, 3H, ArH), 7.28 (dd, 
1.66 (s, 4H, CT2CH2), 1.23 (s, 6H, 2XCH3). 1.18 (s, 6H, 15 J«8, 8 Hz, IH, Arl^, 7.20 (d, J=8 Hz, IH, ArH), 6.88 
2XCH3); 13c NMR (75 MHz, CD3OD) 6 169.78 (d, J=2 Hz, IH, ArH), 6.84 (dd, J=2, 8 Hz, IH, ArH), 
(C=0), 160.87. 146.00, 145.41, 139.22, 134.94, 133.45, 4.46 (s, 2H, ArCH20), 1.67 (s, 4H, CH2CH2), 1.22 (s, 
132.42, 132.01, 130.61, 129.13, 128.26, 127.60, 126.18, 6H, 2XCH3), 1.17 (s, 6H, 2XCH3); NMR (75 MHz, 
125.33, 124.34, 113.58, 71.39, 36,19, 35.20, 35.03, 32.29, CDCI3) S 190.30 (C=0), 159.90, 145.01, 137.32, 137.23, 
32.24; IR (KBr) 3430, 2958, 2926, 1688, 1604, 1258, 820 20 136.56, 132.38, 130.29, 129.23, 128.62, 127.86, 127.31, 
cm-1; MS (DCI) m/e 415 (MH+), 201 (C1SH21+). 127.18,126.83,126.18,124.62,34.96,34.93,34.15,31.78, 
Anal. Calcd for C28H30O3.O.I H2O: C, 80.77; H, 7.3L 31.75; IR(fflm) 2958, 2926, 1688, 1584, 1458, 1364, 1244, 
Found: C, 80.70; H, 7.30. 1210, 764, 700 cm-l; MS (DCI) m/e 398 (MH+), 201 

For 48: (C15H21+)- 

Sodium hydride (0. 139 g., 4.60 mmol, 1.1 equiv.; 80% 25 2-[5,6,7,8-Tetrahydro-5,5,8,8-tetramethyl-2-naph- 

in oil washed with pentane) is suspended in 6 mL of thalenyl]methoxy-[l,l'-biphenyl]-3-carboxaldehyde 

DMSO. 2,3-Dihydroxybenzaldehyde (0.580 g., 4.20 (47) (0.369 :g., 0.93 mmol) is oxidized by the method of 

mmol, 1 equiv.) dissolved in 2.8 mL of DMSO is added Example 4 to yield 2-[5,6,7,8-tetrahydro-5,5,8,8-tet- 

dropwise via cannula, and the mixture is allowed to stir ramethyl-2-naphthalenyl]methoxy-[ 1 , 1 '-biphenyll-3- 

for 1 hour. 2-Chloromethyl-(5,5,8,8-tetramethyl-5,6,7,8- 30 carboxylic acid (48) (0.385 g., 0.93 mmol, 100%) as a 

tetrahydronaphthalene) (18a) (1.00 g., 4.20 nnnol, 1 white solid: mp= 144^-146" C; UV«a* (MeOH) 208 nm 

equiv.) dissolved in 8 mL of DMSO is added dropwise (€=34800), 290 nm (€=1700); ^H NMR (300 MHz, 

via cannula, and the mixture allowed to stir 26.5 hours. CD3OD) 6 7.79 (dd, J— 2, 8 Hz, IH. ArH), 7.53 (m, 3H, 

The mixture is partitioned between saturated aqueous ArH), 7.44 (m, 3H, ArH), 7.28 (dd, J =8, 8 Hz, IH, 

ammonium chloride solution and EtOAc. Salt is added 35 ArH), 7.15 (d, J=8 Hz, IH, ArH), 6.92 (d, 1=2 Hz, IH, 

to the aqueous phase, which is then extracted twice AiU), 6.81 (dd, J=2, 8 Hz, IH, ArH), 4.48 (s, 2H, ArC- 

with EtOAc. The combmed extracts are washed with ^zO), 1.65 (s, 4H, CH2CH2). 1.22 (s, 6H, 2XCH3), 1.18 

brine, dried (MgS04), and treated with charcoal before ^jj^ 2X CH3); » ^C NMR (75 MHz, CD3OD) 8 169.72 

filteringthroughapadof silica gel. The filtrate is evap- (C=0), 156.45, 145.88, 145.61, 139.23, 138.62, 135.88, 

orated, and the crude material is chromatographed on 40 ^^O 60 129 47 128 68 128.46, 128.09, 

silica gel using EtOAc/hexane to afford 3-hydroxy-2- 12x54! 127.39,' 125.42,'77.36, 36,19, 3 s' 09, 35.03, 32*27* 

[5,6,7,8-tetrahydro-5,5,8,8-tetramethyl-2-naphthalenyl3- 32.23; IR (KBr) 3448, 2966, 2922, 2858, 1698, 1680, 

methoxy benzaldehyde (45) (0.786 g., 2.33 mmol, 56%) 1586 ' 1466, 1448, 1378, 1284, 1218, 982 cm-i; MS 

as an oil: IH NMR (300 MHz, CDCI3) S 10.14^, IH ^^1) m/e 414 (M+), 201 (C15H21+). Anal. Calcd for 

'^■^r^^' C28H30O3.O.3 H2O: C 80.08 H, 7.35 Found: C 80.13; H, 

(s, IH, OH), 5.00 (s, 2H, ATCH2O), 1.67 (s, 4H, 735 
CH2CH2), 1.27 (s, 6H, 2XCH3). 1.22 (s, 6H, 2XCH3); 

I3c NMR (75 MHz, CDCI3) S 189.40 (C=0), 149.74, Experimental Procedures for Compounds of Type U 
148.00, 146.20, 145.64, 132.58, 129.63, 127.36, 127.11, Examnle 27- Svnthesb of Acids 52a-b 

126.00, 125.12, 121.64, 121.34, 79.18, 34.92, 34.90, 34.27, 50 Example 27. Synthesis ot Acids 5Za D 

31.80, 31.75; IR (KBr) 3226, 2958, 2926, 1662, 1604, 2-Bromophenol (1.50 g„ 8.70 mmol) is alkylated with 

1580, 1470, 1294, 1284, 1222, 934, 786 cm- 1; MS (DCI) 2-chloromethyl-(5,5,8,8-tetramethyl-5,6,7,8-tetrahy- 
m/e 339 (MH+), 201 (C15H21+). dronaphthalene) (18a) (2.05 g., 8.70 mmol) in a similar 

3- Hydroxy-2>[5,6,7,8-tetrahydro-5,5,8,8-tetramethyl- manner as described in Example 26 (for the synthesis of 

2- naphthalenyl]methoxy benzaldehyde (45) (0.730 g., 33 44) to afford 2-[5.6,7,8-tetrahydro-5,5,8,8-tetramethyl-2- 
2.16 mmol) is converted by the metiiod of Example 1 to naphthalenyljmethoxy-bromobenzene (50) (2.88 g., 7.72 

3- trifluoromethyl-sulphonyloxy-2-5,6,7,8-tetrahydro- mmol, 89%): chromatographed on silica gel using 
5,5,8,8-tetramethyl-2-naphthalenyllmethoxy benzalde- EtOAc/hexane to afford a clear oil; IH NMR (300 
hyde (46) (0. 819 g., 1.74 mmol, 80%): chromato- MHz, CDCI3) S 7.57 (dd, J=2, 8 Hz, IH, ArH), 7.45 (d, 
graphed on silica gd using CH2Cl2/hexane to afford a 60 3=2 Hz, IH, ArH), 7.32 (d, J=8 Hz, IH, ArH), 7.25 (m, 
yellow oU; ^H NMR (300 MHz, CDCI3) 6 9.89 (s, IH, 2H, ArH, 6.98 (dd, J=2, 8 Hz, IH, ArH), 6.83 (dd, J =8, 
CHO), 7.77 (dd, J=2, 8 Hz, IH, ArH), 7.52 (dd, J==2, 8 8 Hz, IH, ArH), 5.09 (s, 2H, ArCHaO), 1.70 (s, 4H, 
Hz, IH, ArH), 7.27 (m, 2H, ArH), 7.13 (d, J=2 Hz, IH, CH2CH2), 1.29 (s, 6H, 2XCH3), 1.28 (s, 6H, 2XCH3) . 
ArH), 7.07 (dd, J=2, 8 Hz, IH, ArH), 5.09 (s, 2H, ArC- Bromide 50 is coupled via the method of Example 3 
H2O), 1.65 (s, 4H, CH2CH2), 1.25 (s, 6H, 2XCH3), 1-17 65 to stannanes 3a and 3f (see Example 2) to afford esters 
(s. 6H, 2XCH3); 13C NMR (75 MHz, CDCla) 6 187.63 51a and 51b, respectively. 

(C=0), 146.43, 145.42, 132.23, 131.03, 128.11, 127.89, For 2-[5,6,7,8-tetrahydro-5,5,8,8-tetramethyl-2-naph- 
127.85, 127. 18, 126.68. 125.00, 78.99, 34. 87, 34.25, 34. 19, thalenyl]mfithoxy-3'-carboethoxy- 1, 1'-biphenyl (51a): 
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scale=0.71 mmol, yield=59%; chromatographed on Anal. Calcd for C28H30O3: C, 81.13; H, 7.29. Found: C, 

silica gel using EtOAc/hexane to afford a clear oi^ 80.91; H, 7.38. 

NMR (300 MHz, CDCI3) S 8.23 (dd, J=2, 2 Hz, IH, „ , o 1. • r a c-. 

ArH), 7.99 (ddd, J=2, 2, 8 Hz. IH, ArH), 7.79 (ddd. Example 28: Synthesis of Acid 52c 

J =2, 2, 8 Hz, IH, ArH), 7.44 (dd, J = 8, 8 Hz, IH, ArH), 5 2-[5,6 J,8-Tetrahydro-5,5,8,8-tetramethyl-2-naph- 

7.34 (m, 2H, ArH), 7.19 (m, 2H, ArH), 7.06 (m, 3H, thalenyl]methoxy-bromobenzene (50) (1.304 g., 3.49 

ArH), 5.01 (s, 2H, ArCH20), 4.36 (q, J=7 Hz, 2H, mmol) is converted by the method of Example 2 (Pro- 

CO2CH2), 1.64 (s, 4H, CH2CH2), 1.38 (t, J==7 Hz, 3H, cedure A) to 2-[5,6,7,8-tetrahydro-5,5,8,8-tetramethyl- 

CO2CH2CH3), 1.23 (s, SH, 2xCHs), 1.17 (s, 6H, 2-naphthalenyl]methoxyphenyltributylstamiane (53) 

2XCH3); 13C NMR (75 MHz, CDCI3) 8 166.71 (C=0), 10 (1.907 g., 3.27 mmol, 94%): chromatographed on siUca 

155.73, 144.88, 144.24, 138.86, 134.21, 133.88, 130.90, gel using hexane to afford a clear oil; IH NMR (300 

130.67, 130.37, 130.31, 129.05, 128.02, 127.88, 126.56, MHz, CDCI3) 7.36 (dd, J=2, 8 Hz, IH, ArH), 7.27 (m, 

124.93, 124.14, 121.22, 113.13, 70.45, 60.90, 35.02, 34.20, 3H, ArH), 7.13 (dd, J = 2, 8 Hz, IH, ArH), 6.92 (m, IH, 

34.09, 31.83, 31.75, 14.35; IR (film) 2960, 2926, 1718, ArH), 6.86 (d, J=8 Hz, IH, ArH), 4.93 (s, 2H, ArC- 

1456, 1306, 1282. 1246. 1108, 752 cm"*; MS (FAB) m/e 15 H2O). 1.62 (s, 4H, CH2CH2). 1.61-0.85 (m, 39H, 4xCH3 

481 (MK+), 465 (MNa+). and 3XC4H9); IR (film) 2956, 2924. 1460. 1434, 1218 

For 2-[5,6.7,8-tetrahydro-5,5,8,8-tetramethyl-2-naph- cm- 5; MS (DCI) m/e 585 CMH+), 527 (M-C4H9). 

thalenyl]methoxy-4'-carbomethoxy-l,r-biphenyl (51b): Methyl salicylate (2.50 g., 16.4 mmol) is converted 

scale =0.84 mauol, yield = 70%; chromatographed on via the method of Example 1 to 2-(trifluoromethyisul- 

silica gel using EtOAc/hexane to afford a white solid; 20 phonyloxy)-benzoic acid, methyl ester (54) (4-44 g., 15.6 

IH NMR (300 MHz, CDCI3) 6 8.07 (m, 2H, ArH), 7.64 mmol, 95%) as a clear oil: iH NMR (300 MHz, CDCI3) 

(m, 2H, ArH), 7.33 (m, 2H, ArH). 7.23 (m, 2H. ArH), S 8.09 (dd. J =2, 8 Hz, IH, ArH), 7.60 (ddd, J =2, 8, 8 

7-05 (m, 3H, ArH), 5.02 (s, 2H, ArCH20), 3.92 (s, 3H, Hz, IH, ArH), 7.43 (ddd, J=2, 8, 8 Hz, IH, ArH). 7.25 

CO2CH3), 1.65 (s, 4H, CH2CH2), 1.25 (s, 6H, 2XCH3), (d, J=8 Hz, IH, ArH), 3.96 (s, 3H, CO2CH3). 

1.19 (s, 6H, 2XCH3); 13C NMR (75 MHz, CDCI3) S 25 2-(Trifluoromethylsulphonyloxy)-ben2oic acid, 

167.17 (C=0), 155.75, 145.01, 144.37, 143.48, 133.77, methyl ester (54) (0.486 g.. 1,71 mmol, 1 equiv.) is dis- 

a 30.81, 130.21, 129.66, 129.37. 129.26. 128.37, 126.62, solved in 3 mL of N-methylpyirolidone and dissolution 

125.00. 124.08. 121.24. 113.17, 70.45, 52.06. 35.00. 34.23, is degassed. Tiis(dibenzylideneacetone)dipalladium 

34.11, 31.84, 31,75; IR (jSlm) 2958, 2926, 1724, 1610, (0.156 g., 0.17 mmol. 0.10 equiv.) and triphenylaisine 

1486, 1450, 1278, 1230, 1112, 1102, 752 cm-1; MS 30 (0.080 g., 0.26 mmol, 0.15 equiv.) are added, followed 

(DCI) m/e 429 (MH+), 201 (C15H21+). by a solution of 2-[5,6,7,8-tetrahydro-5,5,8,8-tetrameth- 

Esters 5 la and 5 lb are hydrolyzed via the method of yl-2-naphthalenyl]methoxyphenyl-tributylstannane (53) 

Example 7 to afford acids 52a and 52b, respectively. (1.00 g., 1.71 mmol, 1 equiv.) in 4 mL of N-methylpyr- 

For 2-[5,6,7,8-tetrahydro-5,5,8,8-tetramethyl-2-naph- rolidone. The solution is heated to 67° C. for 5.5 hours 

thalenyl]methoxy-[l,r-biphenyl]-3'-carboxylic acid 35 with little conversion to product. More tris(diben- 

(52a): scale =0.66 mmol, yield==99%; mp=67.5°-69.5° zylideneacetone)dipalladiuTO (0,020 mg, 0.022 mmol. 

C; ITVmax (MeOH) 212 nm (e= 47464), 286 nm 0.01 equiv.) is added and heating continued 22 hours. 

(€=4428); IH NMR (300 MHz, CD3OD) 5 8.20 (dd. More tris(dibenzylideneacetone)dipalladium 0.100 g., 

J =2, 8 Hz, IH, ArH), 7.96 (ddd, J ^2, 2, 8 Hz, IH, 0.11 mmol, 0.06 equiv.) and triphenylarsine (0.070 g., 

Arl^, 7.74 (ddd, 1=2. 2. 8 Hz, IH, ArH). 7.47 (dd. 40 0.23 mmol, 0.13 equiv.) are added along with lithium 

J =8, 8 Hz, IH, ArH), 7.32 (m, 2H, ArH), 7.22 (d. J=8 chloride C3-217 g., 5.10 mmol, 3 equiv.X and heating is 

Hz, IH. ArH), 7.21 (bs, IH, ArH), 7.15 (d. J»« 8 Hz. IH. continued. After 29 hours, more tris (dibenzylideneace- 

ArH), 7.04 (m, 2H, ArH), 5.03 (s, 2H, ArCH20), 1.65 (s, tone) dipalladium (0. 060 g., 0.07 mmol, 0.04 equiv.) and 

4H, CH2CH2), 1.22 (s, 6H, 2XCH3), 1.15 (s, 6H, triphenylarsine (0.030 g., 0.10 mmol, 0.06 equiv.) are 

2XCH3); ^^C NMR (75 MHz, CD3OD) S 169.99 45 added, and heating continued for 46 hours. The mixture 

(C=0), 156.97, 145.86, 145.18, 140.56, 135.42, 135.27, is allowed to cool to room temperature, and 2 mL of 

132.02, 131.68, 130.25, 130.05, 129.54, 129.13, 128.04, ether is added, followed by 3 mL of saturated aqueous 

127.52, 126.15. 125.46. 122.34. 114,63, 71.48, 36.21, KF solution- After stirring for 30 minutes, the mixture is 

35.13, 35.00, 32.25; IR (KBr) 2960. 2924, 1690, 1286, diluted with water and EtOAc and then filtered. The 

1256, 1230, 750 cm -I- Anal. Calcd for C30H30O3.O.22 50 brown solids are washed with EtOAc, and the filtrate 

H2O: C, 80.36; H, 7.33. Found: C, 80.36; H, 7.30. placed in a separatory funnel. The phases are separated. 

For 2-t5,6,7,8-tetrahydro-5,5,8,8-tetramethyl-2-naph- and the aqueous phase is extracted twice with EtOAc. 

thalenyl]methoxy-[l,r-biphenyl]-4'-carboxylic acid The combined organic phase is washed with 3% aque- 

(S2b): scalessO.69 mmol, yield=87%; chiomato- ous ammonia, and then brine: The extrficts are dried 
graphed on silica gel using methanol/CHzCh to yield a 55 (MgS04) and concentrated. The crude material is chro- 

white solid; mp=170''-171'* C; UVTOMr(MeOH) 206 mn matographed on silica gel using EtOAc/hexane to af- 

(e=35151), 264 nm (c= 13272); *H NMR (300 MHz, ford 2-[5,6,7,8-tetrahydro-5,5,8,8-tetramethyl-2-naph- 

CD3OD) S 8.03 (m, 2H, ArH), 7.62 (m, 2H, ArH), 7.34 thalenyl]methoxy-[l,l'-biphenyl]-2'-carboxyUc acid, 

(m, 2H, ArH), 7.23 (d, J = 8 Hz, IH, ArH), 7.22 (bs, IH, methyl ester (55) (0.290 g., 0.68 mmol, 40%) as an oil: 

ArH), 7-16 (dd, 1=2, 8 Hz, IH, ArH), 7.03 (m, 2H, 60 ^H NMR (300MHz, CDCI3) 6 7.93 (dd, J=2, 8 Hz, IH. 

ArH), 5.02 (s, 2H, ArCH20), 1.65 (s, 4H, CH2CH2), ArH), 7.51 (ddd. J=2, 8, 8 Hz, IH, ArH), 7.39-7.31 (m, 

1.23 (s. 6H, 2XCH3), 1.15 (s, 6H, 2XCH3); l^C NMR 3H, ArH), 7.24-7.20 (m, 2H, ArH), 7.11 (d, J=2 Hz, 

(75 MHz, CD3OD) S 169-90 (C=0), 157.06, 145.91, IH, ArH), 7.04 (m, 2H, ArH), 6.98 (dd, J=2, 8 Hz, IH, 

145.26, 145.13, 135.38, 131.64, 130.75, 130.55, 130.45, ArH), 4.93 (s, 2H, ArCH20), 3.55 (s, 3H, CO2CH3), 

130.14, 127.51, 126.23, 125.37, 122.36, 114.69, 71.55, 65 1.63 (s, 4H, CH2CH2), 1.23 (s. 6H, 2 XCH3), 1.17 (s, 6H. 

36.21. 35.16. 35.02. 32.25; IR (KBr) 3422, 2960. 2924. 2XCH3); ^^C NMR (75 MHz, CDCI3) 6 168.15 (C=0), 
2666, 2544, 1688. 1610. 1450, 1418, 1288. 1264, 1230, 752 155.52, 144.81, 144.02, 139.54, 134.01, 131.54, 131.47, 

cm-l; MS (DCI) m/e 415 (MH+), 201 (C15H21+). 131.20. 129.94, 129.71, 128.70, 127.02, 126.34, 124,79. 
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123.89, 120.92, 112.28, 70.25, 51,62, 35.14, 35.05, 34.24, 
34.07, 31.84, 31.67; IR (film) 2958, 2926, 1732, 1598, 
1500, 1482. 1456, 1446, 1290, 1252, 1222, 1120, 1086, 740 
cm-h MS (DCI) m/e 429 (MH+), 397 (M-CH3O), 201 
(C15H21+). 5 

2-[5,6,7,8-Tetrahydro-5,5,8,8-tetramethyl-2-naph- 
thalenyl]methoxy-[l, r-biphenyl]-2'-carboxylic acid, 
methyl ester (55) (0.290 g., 0.68 mmol) is hydrolyzed via 
the method of Example 7 to afford 2-[5,6,7,S-tetrahy- 
dK>-5,5,8.8-tetramethyI-2-naphfhalenyl]methoxy-[l, 1 '- 10 
bipheiiyl]-2'-carboxylic acid (52c) (0.282 g., 0.68 mmol, 
100%) as a pale yellow foam: mp=75''-76" C; XJVmax 
(MeOH) 208 mn (€=40837), 290 nm (€=3766); 
NMR (300 MHz, CD3OD) 6 7.92 (dd, J =2, 8 Hz, IH, 
AtH), 7,55 (ddd, J=2, 8, 8 Hz, IH, ArH), 7.40 (ddd. 15 
J=2, 8, 8 Hz, IH, ArH), 7.28 (m, 2H, ArH), 7.17 (m, 
3H, ArH), 6.99 (m, 2H, ArH), 6.94 (dd, J=2, 8 Hz IH, 
ArH), 4.92 (s, 2H, ArCHzO), 1.64 (s, 4H, CH2CH2), 
1.21 (s, 6H, 2XCH3), M6 (s, 6H, 2XCH3); ^^C NMR 
(75 MHz, CD3OD) 6 171.36 (C=0), 157.03, 145.78, 20 

144.95, 141.04, 135.59, 133.20, 133.06, 132.63, 132.56, 

130.96, 130.74, 129.67, 128.05, 127.34, 126.09, 125.23. 
121.86, 113.59, 71.21, 36,32, 36.23, 35.20, 34,98, 32.26, 
32.22; IR (KBr) 3432, 2960, 2924, 1694, 1484. 1294, 
1280, 1262, 1222, 750 cm-i; MS (DCI) m/e 415 25 
(MH+), 397 (M-OH), 201 (Ci5H2i-^). Anal. Calcd for 
C28H30O3.O.25 H2O: C, 80.25; H, 7.34. Found: C, 80.18; 
H, 7.17. 

Example 29: Synthesis of Acid 57 
2-[5,6,7,8-Tetrahydro-5,5,8,8-tetramethyl-2-naph- 
thalenyl]methoxy-bromobenzene (50) (0.366 g., 0,98 
mmol; see Example 27) is coupled to stannane 3 g (0.663 
g., 1.46 mmol; see Example 2) via the method of Exam- 
ple 3 to yield 2-[5,6,7,8-tetrahydro-5,5,8,8-tetramethyl- 35 
2-naphthalenyl]methoxy-[ 1 , l'-biphenyl]-3'-acetic acid, 
ethyl ester (56) (0.278 g., 0,63 mmol, 64%): chromato- 
graphed on silica gel using EtOAc/hexane to afford a 
colorless oil; ^H NMR (300 MHz, CDCI3) 8 7.59-7.36 
(m, 3H, ArH), 7.35-7.22 (m, 5H, ArH), 7.05 (m, 3H, 40 
ArH), 5.01 (s, 2H. ArCHiO), 4.12 (q, J«7 Hz. 2H, 
CO2CH2), 3.62 (s, 2H, ArCH2C02), 1.65 (s, 4H, 
CH2CH2), 1.25 (s, 6H, 2XCH3), 1.23 (t, J=7 Hz, 3H, 
CX>2CH2CH3), 1.20 (s. 6H, 2XCH3); NMR (75 
MHz, CDCI3) 5 171.63 (C=0), 155.78, 144.86, 144.21, 45 
138.85, 134.06, 133,74, 131.05, 130.99, 130.48, 128.63, 
128.58, 128.04, 127.66, 126.58, 125.03, 124.24, 121.16, 
113.25, 70,51, 60.80, 41.51, 35.04, 34.22, 34.09. 31.85, 
31.80, 14.20; IR (film) 2960, 2926, 1736, 1500, 1458, 
1364, 1266, 1248, 1154, 1032, 752 cm-»; MS (DCI) m/e 50 
457 (MH+), 411 (M-C2H5O), 201 (C15H21+). 

2-[5,6,7,8-tetrahydro-5,5,8,8-tetramethyl-2-naph- 
tiialenyl]methoxy-[l,l'-biphenyl]-3'-'acetic acid, ethyl 
ester (56) (0.260 g., 0.59 mmol) is hydrolyzed via the 
method of Example 7 to afford 2-[5,6,7,8-tetrahydro- 55 
5,5,8,8-tetramethyl-2-naphthalenyl]methoxy-tl , 1 '- 
biphenyl]-3'-acetic acid (57) (0,218 g., 0.51 mmol, 86%): 
chromatographed on silica gel using methanol/CH2Ci2 
to afford a white solid; UV^ox (MeOH) 210 ran 
(€ = 42212), 248 nm (€ = 10087), 284 ran (e=4241); ^H 60 
NMR (300 MHz, CD3OD) S 7.42 (m, 2H, ArH), 
7.34-7.21 (m, 6H, ArH), 7.10 (d, J=8 Hz, IH, ArH), 
7.02 (m, 2H, ArH), 4.98 (s, 2H, ArCHzO), 3,60 (s, 2H, 
ArCH2C02), 1.66 (s, 4H, CH2CH2), 1.23 (s, 6H, 
2XCH3), 1.18 (s, 6H, 2XCH3); 13C NMR (75 MHz, 65 
CD3OD) 6 175.64 (C=0). 157.03, 145.83, 145,20, 
140.39. 135.61, 135.59. 132.52, 131.78. 131,66. 129-77, 
129.35, 129-01, 128.79. 127.56. 126.30, 125.57, 122.27. 


114.75, 71.56, 42.05, 36.23, 35.17, 35.02, 32.30, 32.28; IR 
(KBr) 2960, 2924, 1710, 1500, 1458, 1266, 1230, 752 
cm- J; MS (DCI) m/e 429 (MH+), 428 (M+). 201 
(C15H21+). Anal. Calcd for C29H32O3: C, 81-28; H, 7.53. 
Found: C, 81.37; H, 7.62. 

Reasonable vaiiatioits. such as those which would 
occur to a skilled artisan, can be made herein vnthout 
jparting from the scope of the invention. 
We claim: 

1. Compounds of Formulas I and U: 



wherdn: 

Y=COOH, CH2CO2H, H. F. a, Br. I, COOR'. 
CH2CO2R', CONH2. COR", CHO, CH2OH, 
CH2OR", OH, OR", CF3, C1.6 alkyl, Ci,6 alkenyl, 
Ci.6haloaikyl, NO2, P(0)(0H)2, SO2H, or SO3H; 

Z=H, F, CI, Br, I, CONH2, COR", CHO, CH2OH, 
CH2OR", OH, OR", CF3, Ci^ alkyl, C1.6 alkenyl, 
Ci-6 haloalkyl, NO2, P(0)(0H)2, SO2H, or SO3H; 

X=(CH2)« n=0. I, or 2; or a cis or trans CH=CH; 

R=substituted or unsubstituted alkyl, aryl, arylalkyl, 
alkyloxy, arylalkyloxy, alkenyl, or arylalkenyl 
groups with the proviso that R must have 8 or 
more carbon^ 

R'=H. C1.6 alkyl, CCRl)20C(0)R2 CH2CH2NR3R^ 
CH2CH2CH2NR^R'*, or other groups yielding 
physiologically hydrolyzable esters 

R"=Ci.6 alkyl; 

Rl=H, CH3, C2H5, CH2CH2CH3; 

R2=C6-i2 aryl, C1.7 linear, branched or cyclic alkyl, 

or Ci-7 linear branched or cyclic alkoxy; 
R^=R4 or, it may be linked with R"^, to form a 

C3-C6 cycloalkyl or a — CH2CH2OCH2CH2— 

group; and 
R+=Ci.3 alkyl; or salts thereof. 

2. The compounds of claim 1 having structures se- 
lected from the group consisting of structure tyiies lA. 
IB, IC, ID, IE, and II: 
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C02R' 



aA) 


OB) 


OfQ 25 


C02R'(3 or 5 position) 


(IE) 


CD) 


(X)C02R' 


3. A compound of claim 2 conforming to structure 
lA. 

4. A compound of claim 3 selected from the group 
consisting of: 

(E)-[2-(5,6,7,8-tetrahydro-5,5,8,8-tetramethyl-2-naph- 
thalenyl)- 1 -propenyl]-[ 1 , 1 '-biphenyl]-6, 3'-dicar- 
boxylic acid; 

2-[(3,4-bisdecyloxy)phenyl]methoxy-[l, 1 '-biphenyl]- 

6,3'-dicarboxylic acid; 
2- [(3,4-bispentyloxy)phenyl]raethoxy-[l, 1 '-biphenyl]- 

6»3'-dicarboxylic acid; 
2-[(3,4-biscyclopentyloxy)phenyl]methoxy-[ 1 , 1 '- 

biphenyl]-6,3'-dicarboxylic acid; 
2-[4-(l-adamantyl)-3-methoxyphenyl]methoxy-[ 1, 1'- 

biphenyl]-6,3'-dicarboxylic acid; 
2-[(3,4-bispentyloxy)phenyl]methoxy-[l,r-biphenyl]- 

6-carboxylic acid; 
2'-[(3,4-bispentyloxy)p]ienyl]iiiethoxy-[ 1, 1 '4aphenyl]- 

3'~trifli3oromethyi-6-caiboxylic acad; 
2-[(4-decyloxy)phenyl]inethoxy-[l,l'-Wphaiyl]-6- 

carboxylic acid; 
2-[(5,6,7,8-tetrahydro-5,5,S,8-tetramethyl-2-naph-. 

thalenyl)methoxy-[l , 1 '-biphenyl]-6,3'-dicarboxyUc 

acid, 3 '-ethyl ester; 
2-(5,6,7,8-tetrahydro-5,5,8,8-tetramethyl-2-naph- 

thalenyl)methoxy-[l , 1 '-biphenyl]-6,3'-dicarboxylic 

acid; 

2-.(5,6,7,8-tetrahydro-5,5,8,8-tetramethyl-2-naph- 
thalenyl)methoxy-[l , 1 '-biphenyl]-6-carboxyUc 
acid; 

2-(5,6,7,8-tetrahydro-5,5,8,8-tetramethyl-2-naph- 

thalenyl)methoxy-4'-( 1 , 1 -dimethylethyl>[l , 1 

biphenyi]-6-carboxylic acid; 
2-(5,6,7,8-tetrahydro-5,5,8,8-tetramethyl-2-naph- 

thalenyl)methoxy-4'-(2-hydroxy- 1 -ethyl)-[l, 1'- 

biphenyi]-6-carboxylic acid; and 
6-carboxy-2-[5,6,7,8-tetrahydro-5,5,8,8-tetramethyl- 

2-naphthalenyl]]netiioxy-[l,r-biphenyl]>3'-acetic 

acid. 

5. A compound of claim 2 conforming to structure 
IB. 

6. A compound of claim 5 selected from the group 
consisting of: 

3'-carboxy-(E)-2-[(5,6,7,8-tetrahydro-5,5,8,8,-tet- 

ramethyl-2-naphthalenyl)-l-propenyl]-[l,l'- 

biphenyl3-6-acetic acid; 
3'-carboxy-2-[(l,2,3,4-tetrahydro-l,l,4,4-tetrame- 

thyl)-6-anthracenyl3-[l, 1 '-biphenyl3-6-acetic acid; 
2-[(3,4-bispentyloxy)phenyl]methoxy-3'-carboxy- 

[1,1 '-biphenyl3-6-acetic acid; 
2-((3,4-biscyclopentyloxy)phenyl]metiioxy-3'-car- 

boxy-[l,l'-biphenyl]-6-acetic acid; 
3'-carboxy-2-[4-decyloxyphenyl]methoxy-[ 1 , 1 'bi- 

phenyr|-6-acetic acid; 
3 '-carboxy~2-[4-( 1 -adamantyl)-3-methoxyphenyl]me- 

thoxy-tl, l'-biphenyl]-6-acetic acid; 
2-(5,6,7,8-tetrahydro-5,5,8,8-tetramethyl-2-naph- 

thalenyl)methoxy-[l,r-biphenyl]-6-acetic acid; and 
3'-carboxy-2-(5,6,7,8-tetrahydro-5,5,8,S-tetramethyl- 

2-naphtiiaIenyl)methoxy-[l,l'-biphenyI]-6-acetic 

acid- 

7. A compound of claim 2 conforming to structure 
IC. 

8. A compound of claim 7 selected from the group 
consisting of: 

2-[3,4-bis(3-methyl-2-butenyloxy)phenyl]methoxy-3'- 
carboxy-[l, l'-biphenyI]-6-propanoic acid; 
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2-[3,4-bis(cyclopentyloxy)phenyl]methoxy-3'-car- 

boxy-[l,l'-biphenyl]-6-propaiioic acid; 
2-[3,4-bis(peiityloxy)phenyl]methoxy-3'-carboxy- 

[l,r-biphenyl]-6-propanoic acid; and 
3'-carboxy-2-[5,6,7,S-tetrahydro-5,5, 8,8-tetratnethyl- 5 

2-naphthalenyl]methoxy-[l,l'-bipheny2]-6- 

propanoic acid. 

9. A compound of claim 2 coBforming to stanctoie 
ID. 

10. A compound of claim 9 selected firam the group 
consisting of: 

2-[3,4-bis{3-methyl-2-butenyloxy)phenyl]methoxy-3'- 

carboxy-[l, r-biphenyl]-6-[(E)-3-propenoic acnd]; 
2-[3,4-bi$(cyclopentyloxy)phenyl]methoxy-3'-car- ^ 

boxy-[l,l'-bipheayI]-6-[CE)-3-propenoic acid]; 
2-[3,4-bis(pentyloxy)phenyl]methoxy-3'-carboxy- 

[l,r-biphenyl]-6-[^)-3-propenoic acid]; and 
3'-carboxy-2-[5,6,7, 8-tetraliydro-5,5, 8, 8-tetraraethyl- 

2-naphthalenyl]methoxy-[l, 1 '-biplienyl]-6-[(E)-3- 

propenoic acid]. 

11. A compound of claim 2 conforming to structure 
IE. 

12. A compound of claim 11 selected from tlie group 

consisting of: 25 
2-[5,6,7,8-tetrahydro-5,5,8,8-tetrametliyl-2-napli- 
thalenyl]methoxy-[l,l'-biphenyl]-5-carboxylic 
acid; and 

2-[5,6,7,8-tetrahydro-5,5,8,8-tetramethyl-2-naph- 

thalenyl]methoxy-[l,l'-biph.enyl3-3-carboxylic 30 
acid. 

13. A compound of claim 2 conforming to' structure 
II. 

14. A compound of claim 13 selected from the group 
consisting of: 35 

245,6,7,8-tetrahydro-5,5,8,8-tetramethyl-2-napli- 
11iaienyl]methoxy-[ 1 , 1 '-biphenyl]-3 '-carboxylic 
acid; 


2-[5,6,7,8-tetrahydro-5,5,8,8-tetramethyl-2-naph- 
thalenyl]methoxy-[ 1 , 1 '-biphenyl]-4'-carboxyUc 
acid; 

2-[5,6,7,8-tetrahydro-5,5,8,8-tetramethyl-2-naph- 
thaIenyl]methoxy-[l, 1 '-lMph.enyl]-2'-carboxylic 
acid; and 

2-[5,6,7, 8>tetrahydro-5, 5, 8,8-tetramethyl-2-naph- 
thalenyl]methoxy~[l, r-biphenyl]-3'-acetic acid. 

15. A pharmaceutical composition containing an anti- 
inflammatory effective amount of at least one com- 
pound of claim 1 and a suitable amount of at least one 
pharmaceutically acceptable carrier. 

16. The composition of claim 15 wherein the com- 
pound of claim 1 is present in an amount of about 0.005 
to about 10.0 wt %. 

17. The composition of claim 16 in a topical dosage 
form. 

18. The composition of claim 16 in an oral dosage 
form. 

19. A method of treating inflammation comprising 
the step of administering to a subject an anti-inflamma- 
tory effective amount of a compound of claim 1. 

20. A method of treating inflammation comprising 
the step of administeiing to a subject an anti-inflanmia- 
tory effective amount of a compoimd of claim 2. 

21. The method of claim 19 wherein the compound is 
administered via a topical formulation. 

22. The method of claim 19 wherein the compound is 
administered via an oral formulation. 

23. The composition of claim 15 in a topical dosage 
form. 

24. The composition of claim 15 in an oral dosage 

form. 

25. The method of claim 20 wherein the compound is 
administered via a topical formulation. 

26. The method of claim 20 wherein the compound is 
administered via an oral formulation. 
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